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ABSTRACT 
During the course of survey for virus diseases in and 
around Aligarh Distt., the brinjal (Solanum melongena L. ) was 
found to be affected by a mosaic disease showing characteristic 
mosaic symptoms with necrotic spots and stunting of• plants. 
The causal virus of this disease was maintained on ^. melongena 
cv. BR-112 plants inside^ an insect-proof glasshouse and was 
investigated for determining its identity. 
The causal virus, designated as brinjal necrotic mosaic 
virus (BNMV), was readily transmitted by mechanical sap inocula-
tion to a number of plants but it could not be transmitted by 
three species of aphids (Aphis gossypii, Brevicoryne brassicae 
and Myzus persicae) and whiteflies. The virus was also not 
transmissible through dodder (Cuscuta chinensis and C. reflexa), 
seeds and soil. The causal virus infected 35 species belonging 
to 7 families. Chenopodium guinea, Datura stramonium, Gomphrena 
globosa, Nicotiana glutinosa and N. tabacum cv. White Burley 
KY-21 were found to be the local lesion hosts of the virus, 
while N. rustica, Spinacia oleracea cv. Palang Sag, and 
^. melongena cvs. Baromasia, Long Black and Pusa Purple Round 
were found latent to BNMV infection. BNMV has a dilution end 
-5 -6 point in between 10 and 10 and thermal inactivation point 
in between 85-90°C but it retained its infectivity even after 
a very long period; 10 days at room temperature (20±5°C), 20 
days at 4°C and 4 months in freeze-dried leaves. The most 
suitable environment for maintaining the infectivity of virus 
was provided by 0. IM phosphate buffer pH 8.0 containing sodium 
sulphite and thioglycollic acid. Chloroform (20%) was found 
good clarifying agent. 
BNMV was purified by several methods, but the most 
suitable method, which was adopted routinely, involved extrac-
tion of virus in phosphate buffer (O.lM, pH 8.0) containing 
sodium sulphite and thioglycollic acid, clarification with 
chloroform, and precipitation with PEG 6,000 (8%) and Nacl (1%) 
followed by differential centrifugation. Further purification 
was achieved by rate zonal sucrose density gradient centrifuga-
tion. Purified preparation of BNMV gave a spectrum typical of 
nucleoprotein. BNMV is a rigid rod-shaped particles measuring . 
300 nm x 14.5 nm. In ultrathin section of BNMV-infected leaves 
of brinjal, rigid rod-shaped particles were seen in the 
cytoplasm of mesophyll cells and phloem parenchyma cells. The 
BNMV particles consisted of RNA (nearly 5% of particle weight) 
and protein capsid contained one type of protein subunit having 
a molecular weight of ca. 17,000±500 daltons. 
An antiserum raised against BNMV showed a titre of 1:256 
in tube precipitin test and 1:32 in Ouchterlony gel double-
diffusion test. BNMV showed serological relationship with 
different strains of tobacco mosaic virus (TMV-Al, D, Pll, Ul 
and WUl). In immunosorbent electron microscopy (ISEM), BNMV 
showed its close relationship with TMV-D. Thus, it is concluded 
that BNMV is a new strain of TMV which resembles closely TMV-D 
but not identical as it does not produce local lesions on 
Nicotiana sylvestris, a characteristic feature of TMV-D, and 
hence the BNMV is tentatively called as Aligarh strain of TMV. 
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I N T R O D U C T I O N 
INTRODUCTION 
It is well known fact that the existence of life on 
this globe is deeply interlinked with the plants. All the three 
great necessities of life - food, clothing and shelter are 
related directly or indirectly with the plants or plant 
resources. Out of these, food has prime importance and 
directly related with plants. Plants contribute huge quantity 
of food and of great variety, e.g. cereals, legumes, fruits 
and vegetables etc. 
Vegetable growing is one of the major and most 
important branch of horticulture as far as the value of its 
products is concerned and, in last few decades, has increased 
faster than most of the other agricultural industries. 
Vegetables are the most important articles of the human food. 
In technical sense all plants are vegetables. The term, 
however, is applied to edible plants or plant-parts which 
are eaten, cooked or taken raw as salad. Vegetables not 
only adorn the table but also enrich health of man. They form 
the most nutritive menu of man and tone up his energy and 
vigour. They were appreciated even by ancient people for their 
tempting succulence, pleasing flavours, high nutritive value 
and regulatory effects. Regular use of vegetables supplies 
many of the most essential health building and protecting 
substances, such as vitamins and minerals, which are wanting 
in other food materials. The need for extending the use of 
vegetables to the lower income groups, particularly in our 
country, is an urgent necessity to improve their health and 
to save cereals and grains for maintaining the price line 
of food stuffs. 
Brinjal, Solanum melongena L., also known as Eggplant, 
belongs to Solanaceae family of angiosperms. It is an annual 
crop, largely grown in India as one of the principal 
vegetables. 
As far as the origin of ^. melongena is concerned, 
it is thought to have originated from the tropical regions 
of India and China. According to Purewell (1957), it is still 
found growing wild in India. In China, its cultivation has 
been known for the last 1,500 years. In Vavilov's opinion, its 
centre of origin is Indo-Burmese region. Its origin in the 
Indo-Burmese region with a large number of types distributed 
all over the world suggests a parallel evolution of the 
various types of cultivated eggplants (Bailey, 1947, 1949; 
Haines, 1921-24 and Vavilov, 1951). 
Brinjal is of major importance as a commercial crop 
and is grown all over India except on higher altitudes. It 
is a warm-season crop and is very suceptible to frost. It 
is grown almost throughout the year in the plains but on hills 
it is grown only during the summer. Its seeds germinate well 
at 77° F temperature. It prefers deep, fine, rich loam soil 
with proper drainage for vigorous growth and fruit-setting. 
The field for transplanting the seedlings should be well-
manured with organic manure and ploughed 4-5 times before 
transplanting. 
Brinjalisa strong garden herb, grown for its fruits. 
Commercial types of brinjal are based on the shape and colour 
of fruits which may be oval, globose, pear-shaped or even 
cyclindrical berries and colour ranges from white to deep-
purple or almost black. According to Choudhry (1962), contrary 
to the common belief, brinjal is quite high in nutritive value 
and can well be compared with that of tomato. It contains 
14-19 per cent protein (dry wt. basis) of high biological 
value (71%) and digestibility coefficient (75%) (Kuppuswamy 
et _al., 1958). Analysis of edible portion of fruit (all except 
stalk and Calyx) gave the following values: moisture, 92.7; 
protein, 1.4; fat, 0.3; minerals, 0.3; fibre, 1.3 and other 
carbohydrates, 4.0 g/100 g. The mineral constituents present 
are calcium, magnesium, phosphorus, iron, sodium, potassium, 
copper, sulphur and small quantities of manganese,and chlorine 
and iodine are also reported to be present. The vitamins 
present are vitamin A, thiamine, riboflavin, nicotinic acid, 
vitamin C and choline. It contains higher percentage of 
vitamins, particularly vitamin C, than any other vegetables. 
Bitter principle present in leaves and fruit peel is reported 
to be solasonine. Arginine glycoside has also been isolated 
from the aqeuous extracts of the plant. Pectin, oxalic acid, 
trigonelline and B-amino-4-ethyl-glyoxaline, and phenolic 
compounds such as chlorogenic acid, scopoletin and caffeic 
acid are also reported. 
Besides being esteemed as a vegetable, brinjal is 
consumed in variety of ways. All the parts of brinjal have 
their identity for their medicinal values. Nadkarni (1927) 
has given some medicinal use of brinjal. According to him, 
fried fruit is employed as a cure of toothache. It has also 
been recommended as an excellent remedy for those suffering 
from liver complaints. The seeds are used as a stimulant but 
are apt to lead to dyspepsia and constipation. The green 
leaves of plant have sialagogue and narcotic properties, and 
are used in cholera, bronchitis, dysuria and asthma. They 
are the main source of the supply of antiscorbutic vitamin C. 
The roots of plant are credited as antiasthmatic in indigenous 
medicine (Kirtikar et ^ . , 1935). In Guiana, the juice of 
roots is employed to cure otitis and toothache, and also 
applied to ulcers in the nose (Brown, 1946). 
Vegetables hold a high potential for combating the 
food shortage as their yield per unit area is more than five 
times of any cereal crop . In India, a large variety of 
vegetables belonging to tropical, sub-tropical and temperate 
groups are traditionally grown and consumed as majority of 
the country's population is vegetarian. According to a 
dietician, the daily minimum requirement of vegetables is 
284 gram per head, i.e. 20 per cent of the daily requirement 
of the total food, but the consumption of vegetables in our 
country is only about one-fourth to one-third of the 
requirement, i.e. very inadequate for maintaining the health 
of human beings. Though the area of vegetable cultivation 
in our country, according to the latest information available, 
is of the order of about 25 per cent of the total cropped 
area but the yield is very low in comparison to developed 
countries. There is a need to improve clean cultivation as 
Indian vegetable industry is not yet properly developed. Many 
aspects of it are yet to be studied and developed. There is 
the vast number of insect pests, diseases and weeds which 
affect the vegetable cultivation. Out of these, the pathogens 
causing diseases are the important factors. 
A large number of pathogens belonging to fungi, 
nematodes, bacteria, mycoplasma and virus groups are reported 
to reduce the yield of brinjal. The virus diseases are quite 
important as they not only affect the yield of brinjal 
but also render the whole crop unmarketable by reducing the 
quality of fruit. 
A review of literature pertaining to the virus 
diseases of brinjal reveals that there are various reports 
of viruses affecting brinjal from all over the world (see 
Chapter 2). Since the present virus produces mosaic type of 
symptoms, the reports of mosaic diseases of brinjal have been 
reviewed thoroughly and those concerning with the other types 
of symptoms have been either concised intentionally'or omitted 
from the chapter of review of literature. 
During the course of survey for virus diseases in and 
around Aligarh Distt., the brinjal was found to be affected 
by mosaic disease showing characteristic mosaic symptoms with 
necrotic spots and stunting of plants. Although there are 
various reports of mosaic diseases of brinjal from India but 
the present disease is different from the diseases reported 
so far. 
The aim of the present study was to identify and 
characterize the inciting agent of the mosaic disease of 
brinjal. To achieve this aim, the studies were performed and 
the virus was identified on the basis of symptomatology, host-
range, transmission, biophysical and physio-chemical proper-
ties, purification, morphological and structural characteri-
stics of the virus particle, cytological studies of host and 
serological studies. Based on cumulative knowledge of various 
biological, chemical, physical, cytological and serological 
properties, obtained during the investigation, the virus 
associated with this disease was placed in one of the 
established groups of plant viruses proposed by International 
Committee on Taxonomy of Viruses (I.C.T.V.). 
REVIEW OF LITERATURE 
REVIEW OF LITERATURE 
The mosaic disease of brinjal, Solanum melongena L. , 
made its appearance in the literature for the first time in 
Annual Report of the Ceylon Department of Agriculture of the 
year 1923 (Fetch, 1924) and Poona Agricultural College Magazine 
(Kulkarni, 1924), 
Since 1924, there were several reports of occurrence 
of the mosaic disease of brinjal in India as well as abroad. 
In India, it was reported by Mitter & Tandon (1930) from 
Allahabad, Uttar Pradesh; Thomas (1938) from Madras during the 
year 1937-38; Raychaudhuri (1947) during the year 1946; Vasudeva 
(1960, 1962, 1963); Seth et al. (1967) during the year 1965 
and Rao (1978) from Delhi; Verma & Lai (196 7) from Lucknow, 
U.P.; Sharma (1969) from Poona; Sastry & Nayudu (1976) from 
Tirupati, Andhra Pradesh; Naqvi & Mahmood (1976) from Aligarh, 
U.P.; Bala & Bhargava (1977) from Gorakhpur, U.P.; Patil & Mali 
(1977) from Marathwada region of Maharashtra; Vyanjane & Mali 
(1980) from Prabhani, Maharashtra and Sastry (1982) from 
Karnataka. Outside India, its occurrence was reported by 
McKinney (1929) from West Africa during the year 1926-27;Gardner 
& Whipple (1934) from California, U.S.A.; Savulescu et al.(1934) 
and Alexandri (1937) during the year 1931 from Rumania; Furguson 
(1951) and Gibbs & Harrison (1969) from Trinidad; Nitzany & 
Wilkinson (1961) and Tanne & Zimmerman-Gries (1980) from Israel; 
Rana & Vovlas (1971) and Ragozzino (1973) from Italy; Kitajima 
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& Costa (1968) from Brazil; Anonymous (1971) from Mauritius; 
Marchoux & Rougier (1974) from France; Eskarous (1974) from 
Egypt; Ladipo(1976) from Nigeria; Bujdoso' & Szurke (1977) from 
Hungary; Kemp & Troup (19 77) from Ontario, North America; Debrot 
et al. (1977) from Venezuela; Mamula et^ jil.(1977) from Yugoslavia; 
Shawkat & Fegla (1979) from Iraq; Makkouk et £l. (1981) from 
Beirut, Lebanon; Khalil jet al. (1982) from U.S.A.; Koenig & 
Avgelis (1983) from German Federal Republic; Rast (1985) from the 
Netherlands and Honda et al.. (1986) from Thailand. 
Martelli (1969) from South Italy reported eggplant 
mottled dwarf virus causing pronounced mottling and crinkling 
of leaves with stunted growth of brinjal plants. Morita et al. 
(1974) from Tokyo, Japan during the year 1971-72 and Pop & 
Jilaveanu (1975) from Rumania reported nectrotic symptoms while 
Majorana & Russo (1966) from Italy and Salmon et al. (1983) 
from Hungary reported yellow mosaic symptoms on the leaves of 
brinjal plants. 
Several viruses have been reported to cause the mosaic 
disease of brinjal in nature. Causal viruses were rod-shaped; 
rigid-rod [Tobacco mosaic virus (TMV) - Soukhov et. ai.. , 1944; 
Vasudeva, 1960, 1962, 1963; Sharma, 1969; Eskarous, 1974;Sastry, 
19 82 and Rast, 19 85; Cucumber vein yellowing virus, a strain 
of TMV - Rao, 1978] and flexuous-rod [Carlavirus - Vyanjane 
& Mali, 1980 and Khalil et al., 1982; Potato virus C (PVC) -
Bala & Bhargava, 1977; Potato virus X (PVX) - Sastry, 1982; 
Potyvirus - Naqvi & Mahmood, 1976]; isometric [Cucumber mosaic 
virus (CMV) - Vasudeva, 1960, 1962, 1963; Nitzany & Wilkinson, 
1961; Seth et a_l. , 1967; Sharma, 1969; Rana & Vovlas, 1971; 
Ragozzino, 1973; Patil & Mali, 1976; Mamula _et £1., 1977;Shawkat 
& Fegla, 1979 and Tanne & Zimmerman-Gries, 1980; Eggplant 
mosaic virus (Tymovirus) - Kitajima & Costa, 19 68; Gibbs & 
Harrison, 1969 and Debrot et^ ^ * » 1977; Tobacco ringspot virus 
(TRSV) - Sastry & Nayudu, 1976 and Sastry, 1982; Tombusvirus-
Makkouk et. jal. , 1981 and Koenig & Avgelis, 1983] and bacilliform 
type [Alfalfa mosaic virus (AMV) - Marchoux & Rougier, 1974 
and Kemp & Troup, 19 77]. 
Tomato spotted wilt, a spherical virus, was also detected 
on eggplant (Gardner & Whipple, 1934 and Kovachevski & Markov, 
1961) and the symptoms of this virus on eggplant were described 
by Smith (1936). Rigid rod-shaped tobacco mosaic virus (Pop 
& Jilaveanu, 1975) and broad bean wilt virus having isometric 
particles (Morita et al.. , 1975) both causing necrotic disease 
of brinjal while alfalfa mosaic virus consists of bacilliform 
particles (Majorana & Russo, 1966 and Salmon et ^ . , 1983) 
causing yellow mosaic disease of brinjal and tobacco ringspot 
virus (McLean, 1960) causing eggplant yellows have been reported. 
Martelli (1969) reported bacilliform virus particles causing 
eggplant mottled dwarf disease. 
Brinjal was reported as an experimental host for several 
viruses. Tobacco mosaic virus (Palm, 1923; Johnson, 1926 and 
Gigante, 1938), tomato streak (Anonymous, 1928 and Chamberlain, 
1940, 1947), tobacco ringspot virus (Wingard, 1928), Southern 
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celery mosaic virus (Wellman, 1935), tomato ringspot virus 
(Samson & Imle, 1942), potato virus X (Asuyama & Komuro, 1951), 
potato virus Y (Sakimura, 1953 and Peralta et. £l. , 1981), tomato 
virus, V-52-1 (Miller, 1953), potato virus M (Bagnall jet al., 
1956), nasturtium ringspot virus (Boccardo & Conti, 1973), 
berseem mosaic, a strain of alfalfa mosaic virus (Mishra _et al«, 
1980), pepper mottle virus (Sandhu & Chohan, 1981), okra mosaic 
virus (Igwegbe, 1983) and tomato bushy stunt virus (Tomlinson 
& Faithfull, 1984) were reported to produce systemic infection 
when inoculated mechanically. Pepper ringspot virus, a strain 
of cucumber mosaic virus (Doolittle & Zaumeyer, 1953) and sweet 
potato mosaic virus (Elmer, 1957) were reported to cause local 
infection on mechanical inoculation. Verma (1971) reported 
brinjal as symptomless carrier for potato virus X. Gigante 
(1938) and Douthit & McGuire (1978) reported aphid (Macrosiphum 
gei/ M. solanifolii) transmission of tobacco mosaic virus and 
nematode (Xiphinema americanum) transmission of tobacco ringspot 
virus to brinjal, respectively. 
First appearance of the mosaic disease of eggplant 
(Solanum melongena L. ) was reported from Ceylon in the year 
1923 (Fetch, 1924). Later on in the years 1928 and 1929 this 
disease appeared again in the same island as recorded in the 
reports of Ceylon Dept. of Agriculture for the years 1929 and 
1930. Kulkarni (1924) reported its first appearance from India 
which led to malformation, crowding of the leaves, sterility 
and some other abnormal conditions in the plants. 
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Palm (1923) reported brinjal as an experimental host 
of tobacco mosaic virus and Palm & Jochems (1924) tabulated 
it as disease carrier for tobacco mosaic virus. Mosaic disease 
and early blight (Macrosporium/Alternaria solani) of eggplant 
were prevalent in Florida, U.S.A. in the year 1924 which caused 
severe losses to the fruit (Burger, 1924). 
Elmer (1925) worked on the inter-transmissibility of 
mosaic diseases among plants belonging to different families . 
The transmission of the diseases among plants was best attained 
by the agency of the insects. The mealy bugs (Pseudococcus 
maritimus Ehr.) transmitted the virus from crookneck squash 
(Cucurbita pepo var. condensa) to tomato and tobacco, and also 
from crookneck squash and eggplant (Solanum melongena) to cowpea. 
During the year 1926-27 mosaic diseases were observed 
on various plants in the Canary Islands, West Africa, and 
Gibraltar. In West Africa green mosaic were found on the egg-
plant and on tobasco pepper (C. annuum var. conoides), yellow 
mosaics on a nettle (Fleurya podocarpa),a common weed (Asystasia 
coromandeliana), Hibiscus calycinus, and two native cucurbits 
(Momordica charantia and Kedrostis foetidissima) (McKinney, 
1929). 
A disease of eggplant (Solanum melongena L.) was reported 
from Allahabad, U.P., India. The plants were found to be affec-
ted by general stunting, a green to dull violet, merging into 
mud-brown to black discoloration and shrivelling of the tips 
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of the shoots, browning and withering of the leaves, and reduc-
tion in size or complete absence of fruits. Microscopic 
examination of diseased material failed to reveal any trace 
of fungi or bacteria, and the cause of this disease, 
therefore, remained obscure (Mitter & Tandon, 1930). 
Beale (1934) described the serum reactions as an aid 
in the study of filterable viruses of plants. He stated that 
the extracts from Solanum melongena, ^ . sisymbrifolium, Physalis 
peruviana. Capsicum minimum and C. frutescens (C. annuum) 
affected with Johnson's tobacco mosaic virus No. 1, and of 
Turkish tobacco affected with aucuba mosaic and attenuated 
tobacco mosaic gave a positive precipitin reaction with anti-
serum to tobacco virus No. 1, while extract from other 
solanaceous plants affected with mosaic diseases other than 
the tobacco mosaic reacted negatively with antiserum. 
From the cooler coastal regions of California, Gardner 
& Whipple (1934) detected tomato spotted wilt virus on 
nasturtium (Tropaeolum majus), aster (Callistephus chinensis), 
cineraria, Datura, petunia, dahlia, calceolaria, calla 
(Zantedeschia aethiopica), pepper (Capsicum annuum) and eggplant. 
The virus was mechanically transmissible to a large number 
of hosts including lupins, broad bean (Vicia faba), lettuce 
and nettles. Transmission by thrips to several of these hosts 
was also reported. Under warm conditions the necrotic symptoms 
were succeeded by stunting, mottling and leaf distortion, while 
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in the cooler regions the severity of necrosis was observed 
in the form of die-back or streak. The important source of 
field infection was the infected plant beds, while frequent 
fumigation and roguing gave commercial control in a greenhouse. 
During the year 1932-33, from Rumania a disease of egg-
plant showing characteristic symptoms of partial chlorosis 
with mpttling and dwarfing of leaves, and a mosaic leaf mottle 
of chilli pepper (Capsicum annuum) were reported to be caused 
by a virus (Savulescu et. al. , 1934). During the year 1933-34, 
Puccinia helianthi on sunflowers and mosaic on soy-beans were 
reported along with this virus disease of eggplant from Rumania, 
but this time the virus disease of eggplant was very prevalent 
due to heavy insect infestation and 50 to 60 per cent of the 
plants in the hotbeds in market-gardens in one area were 
rendered unsaleable by the disease, and occasionally affected 
plants completely dried-up (Savulescu et^ ^-> 1935). Later 
on in the year 1937, Alexandri reported more about this 
disease of eggplant. He stated that the infection orginated 
on the basal leaves, mostly of mature plants, and advanced 
upwards, all the foliage being involved 20 to 40 days after 
the appearance of initial symptoms. Affected plants developed 
abnormally slowly and leaves did not attain their proper size. 
Leaves were covered, moreover, with the yellow, interveinal 
lesions, typical of mosaic infection, which expanded by 1.2 mm 
daily both in length and breadth. The diseased foliage rapidly 
shrivelled and dropped. The inoculation of healthy eggplants 
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with the filtered expressed juice of infected plants by means 
of a syringe or by spraying gave positive results,while detached 
leaves reacted to the former method only. The causal virus 
was inactivated by exposure to a temperature of 60 °C and to 
64 per cent alcohol at 96°C, but not by dilution upto 1:1,000. 
Cross-inoculation experiments with the virus on a number of 
other solanaceous plants, including potato, Solanum nigrum. 
Datura petaloides, D. stramonium, Nicotiana sylvestris, tobacco, 
N. fragrans and N. sanderae gave positive results. The aphid, 
Phorodon/Myzus persicae was suspected of transmitting the 
disease, but the experimental proof was to be obtained. 
A yellow cucumber mosaic virus was reported from Wisconsin, 
U.S.A. which in the year 1928 and 1933 developed apparently 
spontaneously in tobacco plants that had been inoculated by 
aphids with ordinary cucumber mosaic virus in the greenhouse. 
The yellow cucumber mosaic virus was readily distinguishable 
from ordinary cucumber mosaic virus by the conspicuous bright 
yellow mottling it produced on cucumber, tomatoes, pokeweed 
(Phytolacca decandra), spinach and night-shade (Solanum nigrum). 
On eggplant it caused a more severe necrosis of the foliage 
and a slightly more marked stunting of the whole plant but 
somewhat less malformation than ordinary cucumber mosaic virus. 
However, it appeared to be identical in mode of transmission, 
properties and host range with ordinary cucumber mosaic virus 
but was reported as a strain variant of cucumber virus 
(Hoggan, 1935). 
15 
Florida High Bush variety of eggplant was liable to 
severe infection by a typical mosaic causing stunting, 
discoloration and distortion of the foliage, and reduction 
in size of the fruit, while the indigenous Pak and Hung 
varieties were found to be resistant (Ho & Li, 1936). 
Chamberlain reported some virus diseases, namely tobacco 
mosaic, tomato necrosis, and tomato streak and tomato mosaic 
from New Zealand in the year 1937, 1940 and 1947, respectively. 
In the year 1937, he stated tobacco mosaic a major problem 
in the Nelson district of New Zealand. The estimated average 
disease incidence was reported to increase from 10 per cent 
in 1933 to over 25 per cent in 1937. Tomato, black night-shade 
(Solanum nigrum), Cape gooseberry (Physalis peruviana),Turkestan 
tobacco, eggplant and chilli (Capsicum annuum) were also listed 
as other hosts of this virus causing mosaic of tobacco. Out 
of these listed hosts, only tomato and black night-shade 
{S. nigrum) were likely to play any part in transmission of 
this disease of tobacco. Preliminary trials indicated that 
the disease might be carried to a small extent in, or with, 
the seeds. It was also borne in a small percentage of seeds 
collected from tomato and S. nigrum. In the year 1940, 
Chamberlain reported the mechanical transmission of virus 
causing tomato necrosis from tomato and tobacco to both these 
hosts; from Cyphomandra betacea to tobacco; from tomato and 
tobacco to C. betacea; from C. betacea and tobacco to Datura 
stramonium and Physalis peruviana; from tobacco to eggplant, 
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Nicotiana rustica and N. glauca; from tomato to Iron Duke 
potato and chilli; and from tobacco to N. glutinosa, and 
was transferred back from C. betacea to tomato and tobacco 
and from the other plants listed to tobacco. The symptoms 
on all these listed hosts were also described. The longevity 
in vitro of the virus was more than 17 weeks; its dilution 
end-point was between 1:500,000 and 1:1,000,000, and thermal 
inactivation point between 64° and 66°C. The virus was 
regarded as a new strain because it was not related to potato 
virus X, a common agent of tomato streak in other countries, 
and any of the viruses of solanaceous plants listed by Smith 
(1937). Later on in the year 1947, Chamberlain observed severe 
streaking of tomato leaves, stem and fruit, and a less obvious 
mosaic mottling of the foliage caused by a strain of tobacco 
mosaic virus. It also infected tobacco, chilli, pepper, egg -
plant, Physalis peruviana and Solanum nigrum, of which the 
last two were most likely to be of significance in spreading 
the disease. Small scale trials showed that the disease was 
carried in the testas of uncleaned seeds. Contaminated soil 
in seeds or seedling boxes were also the sources in spreading 
the disease. This could be remedied by steam disinfection 
or by using soil not planted with susceptible hosts for 
at least two years. The virus of both streak and tomato mosaic 
(tobacco mosaic virus) were carried over in the soil either 
in plant debris or in the free state, leaching out from 
the roots and stem of infected crops. The planting of healthy 
17 
seeds away from other hosts of the viruses, the removal of 
the diseased plants from the crop, and destruction of plant 
debris at the end of the season were recommended to keep 
down the diseases as much as possible. 
Thomas (1938) observed a new disease of brinjal/ 
eggplant which was characterized by a reduction in leaf size, 
alteration in leaf shape and texture, shortening of the nodes, 
the absence of the flowers, and sterility. No causal organism 
was found and it was not sap transmissible,but was transmitted 
by grafting to eggplant and Datura fastuosa,and first symptoms 
appeared on newly emerging leaves after 21 days after grafting. 
Berkeley (1947) reported an unusual type of the alfalfa 
mosaic on the California Wonder chilli variety in Ontario 
in 1943 and 1944. Preliminary inoculation tests indicated 
its close relationship to Marmor medicaginis H. (lucerne 
mosaic virus), as also did cross-protection and thermal death-
point experiments. The effects of new virus and M. medicaginis 
vars. typicum and solani (Strains of the lucerne mosaic virus) 
on tobacco, Nicotiana rustica, N. glutinosa, broad bean, 
sweet pea, pea, bean (Phaseolus vulgaris), red clover, chilli 
(Capsicum frutescens), soy-bean, eggplant. Zinnia elegans, 
cucumber. Petunia hybrida, tomato. Antirrhinum majus and 
celery were similar except that the chilli virus did not 
infect tomato while other two did, and the chilli and typical 
lucerne mosaic viruses attacked cucumber, which react nega-
tively to the solani strain. 
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A mosaic disease of brinjal/eggplant was found to 
be of fairly wide occurrence at Delhi in 1946 (Raychaudhuri, 
1947). It caused bright green mosaic mottling of the leaf, 
puckering and crinkling as well as abnormal and incomplete 
growth of lamina. Occasionally fine, pale straw-coloured, 
concentric, irregularly shaped rings developed on the leaf. 
Malformation of the leaf and considerable reduction in the 
development of the flowers and fruits were also noted. The 
symptoms of this disease were different from the disease 
of eggplant reported by Savulescu et^ jil. (1934) from Rumania. 
This disease could not be transmitted by sap inoculation 
or by Myzuz persicae Sulz. Transmission was achieved by grafts 
and also by Empoasca devastans Dist. The thermal death-point 
of this brinjal mosaic virus was reported between 60° and 
70°C, but the virus was still infective after 15 days' storage 
at 35°F. Later on Varma & Nariani (1958) re-investigated 
the transmission of this mosaic disease of brinjal by Empoasca 
devastans at Delhi and Poona, and concluded that the disease 
described by Raychaudhuri (194 7) was not transmitted by 
E. devastans. 
In the Scientific Report of Agricultural Research 
Institute, New Delhi for the year 1946-47, Anonymous (1947) 
reported the graft transmission of eggplant mosaic virus. 
In the report of Indian Council of Agricultural Research 
for the year 1951-52 and 1952-53, Anonymous (1954) reported 
the transmission of eggplant mosaic virus by grafting as 
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well as by sap and Myzus persicae. The virus was inactivated 
at a dilution of 1:1,000 and after three days' storage. 
Eggplant mosaic, a disease characterized by irregular 
light and dark green leaf mottling was reported from Trinidad 
(Ferguson, 1951). The virus was found to be readily sap-
transmissible. Tomato, Lycopersicon pimpinellifolium, Solanum 
tuberosum var. Arran Pilot and Nicotiana glutinosa were found 
to be susceptible to the virus whereas N. tabacum, N. rustica, 
N. sylvestris, N. sanderae, N. alata var. grandiflora, 
N. chinensis, Cucumis sativus and Cucurbita pepo were 
insusceptible. 
Eggplant mosaic virus producing yellowish local lesions 
on inoculated leaves and vein-clearing followed by mottling 
in the form of broad, irregular, dark green vein-banding 
on newly emerging leaves, was described from Trinidad (Dale, 
1954, 1956). The virus was found to be sap-transmissible. 
The virus was transmitted to pepper, tomato, petunia, Physalis 
floridana and Nicotiana glutinosa. It also gave necrotic 
local lesions on the primary leaves of cowpea var. Black-
eye. Young White Burley tobacco plants developed circular 
chlorotic local lesions, sometimes with necrotic margin. 
No further symptoms were observed and the virus was not 
recovered from uninoculated leaves. Older or poorly growing 
White Burley tobacco plants gave no lesions. Cucumber was 
found to be a symptomless carrier. In a field trial during 
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the dry season eggplant mosaic alone reduced yield by 25 per 
cent. The virus was found to have a thermal inactivation point 
of 78°C, dilution end-point of 10 and longevity _in vitro 
of over 21 days at 25°-30°C. The virus could not be transmitted 
by Aphis gossypii. Flea-beetle (Epitrix sp. ) was found to 
be an occasional vector. 
The mosaic disease of brinjal (Raychaudhuri, 1947, 
Varma & Nariani, 1958) could not be transmitted to Hyoscyamus 
niger, papaw. Datura stramonium or Solanum torvum and was 
not seed-borne. It was found to be susceptible to brinjal 
vars. American purple, Florida market, 3-4-5-7 and 4-4-6-9. 
It was found to be caused by a complex of two viruses, one 
of which produced systemic mosaic symptoms and the other local 
necrotic lesions in Nicotiana glutinosa. The virus was 
transmitted to N. grandiflora, N. affinis and Physalis floridana 
by sap inoculation (Vasudeva, 1958, 1959). Vasudeva (1960) 
isolated four viruses from eggplant. Of the four viruses, 
one was tobacco mosaic virus strain, another was suspected 
to be cucumber mosaic virus strain and two appeared to be 
new for this host. Again Vasudeva (1962) isolated one more 
virus from eggplant which was also a new record for this host. 
Later, he reported that brinjal/eggplant mosaic disease was 
found to be caused by at least five different viruses, one 
of them transmitted by aphids and the others were sap-transmi-
ssible (Vasudeva, 1963). 
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An unusual strain of tobacco ringspot virus was reported 
to be the cause of eggplant yellows disease (Anderson, 1960). 
This strain was not transmitted through seeds and by a number 
of insects, including several aphid spp. One other virus 
disease of eggplant was also reported (Anderson, 1961). 
On the basis of comparison of symptoms of tobacco ring-
spot virus (TRSV) on field - and greenhouse-inoculated plants, 
and serological reactions and indexing, McLean (1960) concluded 
that the eggplant yellows disease was caused by a yellow strain 
of TRSV. This TRSV strain was found to be different from tomato 
ringspot virus on the basis of their host reactions (McLean, 
1962). The TRSV was not transmitted by any insect-vectors 
or nematode, although the virus was reported to be soil-borne 
(McLean, 1963). Schuster (1963) reported its transmission 
by the tobacco flea-beetle (Epitrix hirtipennis) from eggplant 
to eggplant, cucumber and cowpea but not by whiteflies 
(Trialeurodes abutilonea) or mites (Tetranychus). 
From Israel, Nitzany & Wilkinson (1961) observed the 
presence of cucumber mosaic virus in cucumbers, marrows, 
muskmelons, fodder beets, periwinkle (Vinca rosea), tomatoes, 
peppers (Capsicum) and eggplants. Again from Israel, its 
presence in eggplant was confirmed by Tanne & Zimmerman-Gries 
(1980) on the basis of mechanical inoculations of host plants, 
transmission by Myzus persicae and Aphis gossypii to eggplant, 
tomato and Capsicum, and electron microscopic detection of 
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spherical particles in purified preparations. M. persicae 
was a more efficient vector than A. gossypii. 
On the basis of differing susceptibility of various 
vegetables to aphid transmission, Messiaen et^ ^ . (1963) 
recorded that cucumber mosaic virus infected muskmelons and 
squashes very strongly while chilli (Capsicum) succumbed more 
slowely and the eggplants were never seriously affected. 
Majorana & Russo (1966) reported eggplant yellows 
disease caused by lucerne mosaic virus.The virus was identified 
on the basis of host range, serology and electron microscopic 
observation of purified virus preparation isolated from egg-
plant. The virus produced extensive yellow patches on the 
leaves and slight stunting. 
Seth et. ail. (1967) reported a new disease of brinjal 
(Solanum melongena L. ) which was characterized by mosaic 
symptoms with pronounced leaf yellowing, stunting and reduced 
development of the flowers and fruits. Incidence of disease 
was ca.5% and almost all vars. of brinjal were affected. The 
virus was found to be sap- transmissible to a number of hosts, 
and produced local lesions on Chenopodium amaranticolor, 
Phaseolus aureus and _P. mungo. Aphis gossypii, A. craccivora 
and Myzus persicae were the vectors. On the basis of common 
physical properties, insect vectors and certain host reactions, 
this virus was distinguished as a strain of cucumber mosaic 
virus and was considered to be distinct from the viruses 
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reported previously on eggplant/brinjal by Raychaudhuri (1947) 
and Dale (1954). In the further studies of the disease, Seth 
& Raychaudhuri (1973) reported 18 systemic and one additional 
local lesion hosts of the virus. Out of 9 aphid spp. tested, 
5 transmitted the disease, and Aphis gossypii and Myzus persicae 
being the most effective vectors. The virus particles were 
spherical having a diameter of 35-36 myi. Titre of the antiserum 
was 1/1024 and the virus end-point 1/512. It was identified 
as a new strain of cucumber mosaic virus 1. Later on Seth 
6 Raychaudhuri (1977) investigated the relationship of this 
new brinjal mosaic virus and its vector. Aphis gossypii. A 
single A. gossypii could transmit this disease and was capable 
of acquiring and transmitting the virus with an access period 
of 30 sec. This efficiency was greatly enhanced by pre-acqui-
sition fasting. The virus was retained for several hours while 
fasting but quickly lost while feeding. Both winged and non-
winged aphids were equally efficient transmitters but the 
virus was not retained following a moult. Evidently the virus 
is stylet-borne or non-persistent. Top leaves of young tobacco 
plants were the best virus source and young plants better 
test plants than older ones. Keeping test plants in the dark 
before inoculation did not increase their susceptibility to 
the virus through aphid inoculations. 
A sap-transmissible mosaic disease of brinjal was 
described by Verma & Lai (1967). The virus was transmitted 
by the green peach aphid, Myzus persicae. It produced necrotic 
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etching symptoms on Nicotiana glutinosa, N. plumbaginifolia, 
N. tabacum vars. N.P. 31, Harrison's special. White Burley, 
Chatam, Natu Cigarette Vala, Xanthi - nc; mosaic mottling 
symptoms on N. rustica vars. N.Ps, 214-Hooka Type, C-302, 
Datura metel. Petunia hybrida, Lycopersicon esculentum and 
Solanum nigrum. The virus produced local lesions on Chenopodium 
album. The virus was found to be infective upto a dilution 
-3 
of 10 , active upto 65 °C and had a longevity xn vitro for 
6 days at room temperature (24°C). On the basis of host range 
and symptomatology the virus was found to be closely resembling 
the severe strain of tobacco etch virus but it differed in 
its natural occurrence on eggplant, which is reputedly immune 
for tobacco etch virus.Thus,it was concluded that this disease 
of eggplant is probably caused by a closely related virus. 
Kitajima & Costa (1968) reported the morphology of 
eggplant mosaic virus particles. It was found to be spherical 
particles of 25-30 mp diameter in the infected leaf prepara-
tions of various indicator plants. In the year 1974 Kitajima 
& Costa also studied the fine structure of the leaf tissues 
of some solanaceous plants infected with eggplant mosaic virus. 
They found the cytoplasmic inclusion bodies, composed of 
membrane bound vesicles and tubules, in the infected tissues 
of tobacco, Solanum nigrum, eggplant. Datura stramonium and 
Physalis spp. A dense mass commonly seen in the inclusions 
was shown to be aggregates of small, dense particles 
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identical with those found in purified infective preparation 
and believed to be the virus _in situ. Similar particles were 
noticed forming small crystals within the sieve tubes and 
absorbed into the secondary wall in mature tracheary elements. 
Peroxisome-like bodies appeared within or near the inclusions. 
Tekinel et^ ai.. (1969) recorded viruses on some economi-
cally important vegetables. They found the pepper (Capsicum) 
mosaic, cucumber mosaic and potato virus X on pepper (Capsicum); 
cucumber mosaic and tobacco mosaic on eggplant; lettuce mosaic 
and tomato spotted wilt on lettuce; and bean viruses 1 and 2 
(bean common mosaic and bean yellow mosaic) on bean. 
A disease of eggplant characterized by pronounced 
mottling and crinkling of the leaves was described from South 
Italy. This disease was associated with bacilliform virus 
particles (2210 ± 108 x 660 ± 45°A) with a 3-layered structure 
similar to the viruses of lettuce necrotic yellows, potato 
yellow dwarf and maize mosaic. This virus appeared to differ, 
in size and site in the host cells, from other described viruses 
and was named eggplant mottled dwarf virus. It was graft-trans-
missible to eggplant (Martelli, 1969). In the further studies 
it was reported to be transmissible mechanically to eggplant, 
tobacco, Nicotiana glutinosa, N. rustica. Petunia hybrida, 
Chenopodium amaranticolor, C. guinea and Gomphrena globosa. 
-3 -4 The dilution end-point was 10 - 10 , temperature of inactiva-
tion Sl-SVC and at 4°C after 30-44 hr (Martelli & Rana, 1970). 
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Ultrastructural observations of leaf tissues, flower organs 
and fruits of naturally and artificially infected host plants 
were recorded (Martelli & Castellano, 1970; Russo & Martelli, 
1972 a, b & c, 1973). Some cytochemical reactions of nuclei 
of infected cells were also observed (Russo & Martelli, 1975). 
In the year 1984 Martelli et. al. identified the lettuce mosaic 
virus on lettuce, eggplant mottled dwarf virus on aubergine/ 
eggplant, and artichoke latent virus and Cynara rhabdovirus 
on globe artichoke on the basis of mechanical inoculation and/or 
ultrastructural observations on tissues of infected plants. 
Gibbs & Harrison (1969) described the relationship of 
eggplant mosaic virus (EMV) which was earlier reported from 
Trinidad by Dale (1954), to Andean potato latent virus. The 
virus was readily transmitted by sap inoculation to several 
solanaceous and a few non-solanaceous plant spp. Purified 
preparation contained isometric particles of 30 nm in diamter 
with sedimentation coefficients of 111 or 53S and with 32 major 
morphological subunits. The virus was serologically close to 
Andean potato latent virus (APLV) and had a similar host range, 
though it was more virulent. But whereas EMV accumulated fastest 
in Nicotiana clevelandii leaves at 20-24°C, APLV did so at 15°C 
and failed to attain a serologically detectable concentration 
at 24°C. A few symptomatologically or serologically distingu-
ishable EMV strs. were obtained. EMV had properties typical 
of the viruses of the Andean potato latent subgroup of the 
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turnip yellow mosaic group of the viruses and its tentative 
cryptogram was [*/* : */* ; S/S : S/Cl] . Later on in the 
Seventeenth Annual Report of Scottish Horticultural Research 
Institute of the year 1970, Harrison et_ £l. (1971) described 
the effects of inhibitors on the multiplication of eggplant 
mosaic virus in Nicotiana clevelandii. 
Sharma (1969) investigated a sap-transmissible mosaic 
disease of brinjal and identified five distinct viruses on the 
basis of reaction on six indicator plants. These differed in 
physical properties, transmission, host range and in cross 
protection tests. He distinguished isolate LL as a distinct 
strain of tobacco mosaic virus and isolate 4 as a strain of 
cucumber mosaic virus. He reported that isolate SS, 6 and 17 
differed in host range, physical properties and had no affinity 
among themselves at strain level and were not related to tobacco 
mosaic virus. These three were recorded as new records for this 
host. 
A new strain of cucumber mosaic virus was reported to 
induce egglant mosaic disease (Sharma,1969). It was also 
recorded on two common weeds, Trianthema monogyna and Boerhaavia 
diffusa. The virus was readily transmitted to eggplant from 
these weeds by Aphis gossypii and Myzus persicae (Khurana,1970). 
Koenig (1970) noted the effect of organic mercury 
compounds in serological tests on some isometric plant viruses, 
viz. turnip yellow mosaic, eggplant mosaic, potato (Andean) 
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latent, belladona mottle and sowbane mosaic. 
Vlasov (1970) made some attempts for the protection 
of solanaceous vegetable crops from the virus diseases in 
Uzbekistan. He reported that the most widespread virus disease 
of tomato was tobacco mosaic, followed by spotted wilt, potato 
viruses X & Y and cucumber virus 1 (cucumber mosaic virus). 
Red pepper (Capsicum spp.) was infected by tobacco mosaic, 
cucumber mosaic, potato Y, tomato spotted wilt and alfalfa 
mosaic viruses. Virus diseases of eggplant were less frequent 
and not yet completely identified; cucumber mosaic virus was 
observed in Uzbekistan. 
A mosaic virus disease on sunflower, and a virus disease 
of eggplant with necrosis and yellowing of leaves and veinal 
necrosis were observed for the first time in Mauritius 
(Anonymous, 19 71). 
Two medicinal plants, Blumea lacera DC. and Solanum 
khasianum CI. , were reported as additional hosts of certain 
plant viruses. In the investigations of these plants as possible 
indicators 13 viruses were inoculated. Out of these only bean 
common mosaic, brinjal/eggplant mosaic and tobacco mosaic 
viruses infected B. lacera, while ^. khasianum could be infected 
by 8 viruses, including brinjal mosaic virus (Verma & Phatak, 
1972) Trianthema portulacastrum was also recorded as local 
lesion host for brinjal mosaic and tobacco mosaic viruses (Verma 
& Singh, 1973 a). Out of four weeds inoculated with 14 viruses. 
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only Sonchus arvensis was infected by brinjal mosaic, chilli 
mosaic and tobacco mosaic viruses only. The other three weeds 
were not attacked (Verma & Singh, 1973 b). 
Rana & Vovlas (1971) reported eggplant mosaic disease 
from Italy. On the basis of host range, physical properties, 
aphid transmission, electron microscopy and serology the virus 
was identified as a member of cucumber mosaic virus group. Later 
on in the year 1973 a sap-transmissible mosaic disease of egg-
plant was described again from Italy by Ragozzino (1973). The 
causal virus of this disease was reported as a strain of 
cucumber mosaic virus. It produced symptoms on leaves and 
occasionally on fruits, and these symptoms were reproduced on 
inoculated eggplants in the glasshouse. 
Boccardo & Conti (1973) reported eggplant and Nicotiana 
rustica as suitable indicator hosts for nasturtium ringspot 
virus isolated from Capsicum annuum and Tropaeolum majus. 
Singh et £l. (1973) reported the assessment of loses 
in brinjal (Solanum melongena L. ) due to the mosaic disease 
at Kanpur. They used five grades for measuring different 
disease intensities (0-100%) in a susceptible eggplant variety 
infected by eggplant mosaic virus and found the decrement in 
average yield with the increase in disease intensity. 
Pinck et al.. (1974) studied the amino acid acceptor 
activities of the eggplant mosaic viral RNA and its satellite 
RNA. The RNA extracted from eggplant mosaic virus (EMV) bound 
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valine to its 3' end as did turnip yellow mosaic virus RNA 
and some other viruses of this group. In addition, it was shown 
that RNAs were entrapped within the virus particle and that 
a 4S RNA was linked to the EMV genome. This stellite RNA 
esterified with lysine might be a viral induced tRNA Lys. 
Gibbs & Macdonald (1974) reported sharp reduction in 
incorporation of radio-active amino acids into the virus 
particles of broad bean mottle virus, eggplant mosaic virus, 
and the type and U5 strains of tobacco mosaic virus by the 
addition of cycloheximide, but not by chloramphenicol. This 
suggests that RNA translation in these viruses occurs by means 
of cytoplasm ribosomes, not chloroplasts. 
Mayee (1974) reported gradual but considerable inactiva-
tion of eggplant mosaic in seeds collected from infected plants 
of four varieties of Solanum melongena, viz. Pusa Kranti, Pusa 
Purple Long, R-34 and S-5, and stored for 30-210 days. Instead 
of the usual mosaic symptoms, systemic chlorotic lesions, 
restricted to the 3rd and 4th leaves, developed on seedlings 
raised from the seeds stored for 210 days indicating that the 
low concentration of the virus was insufficient to produce 
the characteristic mosaic syndrome. In the further studies, 
Mayee & Khatri (1975) reported that the seed transmission of 
virus varied greatly amongst 15 eggplant varieties. Seed 
storage decreased the percentage of seed transmission gradually, 
with the total loss of infectivity after 7 months in all the 
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varieties except Pusa Kranti, Pusa Purple Long, R-34 and S-5. 
The incubation period of the virus was modified by temperature 
but variety had little effect. The virus was recovered from all 
parts of the plant except the immature fruits and the pulp of 
mature fruit. 
The alfalfa mosaic virus was reported to induce mosaic 
symptoms on eggplant and lavandin (Lavandula hybrida Rev.). In 
host range studies Ocimum carnosum and Salvia splendens were 
useful differentials (Marchoux & Rougier, 1974). 
A new virus disease of eggplant was observed near Tokyo, 
Japan during the year 1971-72. The disease was characterized 
by necrotic spots on the young leaves, sometimes followed by 
twisting or crinkling of the leaves, and dwarfing of the whole 
plant. On the basis of host range, particle morphology and 
properties ^ vitro the causal virus was found to be broad bean 
wilt virus. The virus particles were distributed singly or in 
aggregates in vacuole and cytoplasm of epidermal, mesophyll and 
phloem parenchyma cells. Necrosis and abnormal development of 
vesicular bodies were common in the cells of diseased tissues 
(Morita^ al., 1974). 
Eskarous (1974) reported a virus disease of eggplant 
from Egypt. The eggplants were found to be naturally infected 
with the virus which, on the basis of host range, bio-physical 
properties and serology, was identified as a strain of tobacco 
mosaic virus. Eggplant was shown to be suitable indicator for 
differentiation between typical tobacco mosaic and tomato 
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streak viruses under temperature conditions in Egypt. 
Oliveira (1975) tested eggplant mosaic virus and citrus 
tristeza virus serologically by injecting them into lympho-
nodules of rabbits to obtain antiserum. The results were 
compared with those of other methods. 
A tymovirus was isolated from Abelia grandiflora by 
ultracentrifugation of clarified flower extracts. Although 
the virus was latent in the source plant it was isolated 
several times during a two-years study. In host range and 
symptomatology the virus was similar to the Andean potato 
latent strain of eggplant mosaic virus. It was shown serolo-
gically that the virus was closely related to, but not 
identical with, eggplant mosaic or Andean potato latent viruses. 
Thus, it was suggested that the virus be regarded as abelia 
latent strain of eggplant mosaic virus (Waterworth et al./1975). 
Singh & Singh (1975) recorded the disease incidence 
of brinjal mosaic virus and its effect on the yield. Each 1.5% 
disease incidence of the virus caused ca. 1% loss in the yield 
while a 1% disease intensity caused 1.5% loss. Evidently the 
disease caused significant losses in commercially grown brinjal 
crops. 
A strain of tobacco mosaic virus was reported to induce 
necrotic disease of eggplant (Pop & Jilaveanu, 1975). The 
disease was characterized by brown necrotic stripes or flecks 
on stem, petioles and veins, associated with growth reduction. 
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leaf crinkling, epinasty and deformation of Mamut variety of 
Solanum melongena. The affected leaves became necrotic and 
the young infected plants were frequently killed. Transmission 
on test plants and electron microscopy showed that the disease 
was caused by a form of tomato type of tobacco mosaic virus. 
Naqvi & Mahmood (1975, 1976) investigated a mosaic 
disease of brinjal commonly occurring in Aligarh, U.P. The 
causal virus was sap-transmissible and named as brinjal mild 
mosaic virus (BMMV). It was also transmitted by grafting and 
Myzus persicae to eggplant, tobacco and tomato. It infected 
different varieties of brinjal, tomato and pepper, and 16 
other plant species but failed to infect 96 plant species 
belonging to 20 families. BMMV was found to withstand a 
-3 
dilution of 10 , heating upto 60''C but not 65°C and retained 
infectivity in crude sap for 150 hr at 10°C and 96 hr at room 
temperature. It reached to its highest concentration in egg-
plant 6 days after mechanical inoculation. 0.1 M phosphate 
buffer pH 7.0 was the most suitable medium for infection. The 
new strain was widespread in this region, and caused conside-
rable losses in eggplant and damage to tomato and pepper 
(Capsicum). Symptoms on eggplant and tomato included vein-
clearing followed by green mosaic and stunting. On pepper, 
however, some varieties were symptomless while others produced 
localized symptoms on inoculated leaves. Results of varietal 
tests on these three crops were presented. Later on Naqvi & 
Mahmood (1978) isolated this strain from eggplant and found 
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that BMMV was a nucleoprotein having one centrifugal component. 
It was a flexuous rod-shaped particle measuring 675-760xl3nm.It 
did not react with antiserum to any of several flexuous viruses 
tested, including potato virus X & Y, tobacco etch, Datura 
mosaic and spinach mosaic viruses. 
Bouley et ^ . (1976) studied the structure of eggplant 
mosaic virus and gave evidence for the presence of low-
molecular weight RNA in top component. Three nucleoproteins 
were found when purified preparations of eggplant mosaic virus 
(EMV) were submitted to caesium chloride density gradient cent-
rifugation. Bottom component corresponded to a density 
P = 1.45 g/ml and a sedimentation coefficient of 106S. It was 
infectious and its RNA fixed valine and lysine, indicating 
that high molecular weight EMV-RNA fixed valine and its 
associated low molecular weight RNA fixed lysine. Top component 
corresponded to f = 1.26 g/ml and S = 53S. It was not an empty 
shell; each particle contained on av. 2-3 molecules of RNA 
of the size of transfer RNA. These RNAs were able to bind 
alanine, arginine, histidine, leucine, lysine, phenylalanine, 
tyrosine and valine. Lysine, arginine and valine accounted, 
respectively for 70, 18 and 7% of the total amino acid charge. 
Small accounts of a third component, sedimenting between bottom 
and top (P = 1.38 g/ml: S = 70S) were also found reproducibly 
in the preparations of EMV. The nature of this component was 
not known. 
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Genevaux et a]^. (1976) working on amino acid accepting 
structures in tymovirus RNAs mainly on eggplant mosaic virus 
found that the 3' terminal nucleotide of tymovirus RNA fixed 
valine as do tRNAs. Eggplant mosaic virus presented 2 types 
of particles. The heavy particle contained genome which fixed 
valine and a 4s satellite RNA esterified by"lysine. The light 
particle contained 4S RNAs possessing various acceptor 
capacities. 
Bouley et ^ . (1977) investigated the stability of top 
(EMV-T) and bottom (EMV-B) components of eggplant mosaic virus 
(EMV) in urea and at alkaline pH. The influence of pH and 
temperature was also investigated and compared with turnip 
yellow mosaic virus. 
Self-assembly of eggplant mosaic virus protein was 
reported by Briand et^ al.. (1977). The purified bottom component 
of eggplant mosaic virus (EMV) was dissociated in cold 66% 
acetic acid in the presence of O.OIM dithiothreitol (DDT). 
EMV coat protein free from residual RNA could be obtained by 
dialysis against 0.02M sodium acetate buffer, O.OIM DDT, pH 4.0. 
The aggregation states of this protein were investigated after 
dialysis against 0.02M sodium acetate buffer, O.OIM DDT, 
pH 4.0 the protein reassembled essentially into threads and 
small aggregates sedimenting at c. 8-9S. Increasing numbers 
of isometric shells formed with increasing pH. At pH 5.5 they 
represented the totality of soluble material and sedimented 
at c. 50S. When formed these shells were stable at pH 7.0, 
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unlike the aggregates formed at pH 4.0 which precipitated if 
dialyzed directly to pH 7.0. Conditions required for assembly 
and some possible implications for the assembly mechanism were 
discussed. 
Pinck & Hall (1978) investigated aminoacylation proper-
ties of eggplant mosaic virus RNA. Later on Hall et al. (1979) 
described the aminoacylation and messenger functions of 
eggplant mosaic virus RNA. The predominant RNA of EMV had a 
molecular weight of 1.9x10 by formamide gel electrophoresis. 
Electrophoretic analysis of virion protein under dissociating 
conditions revealed 2 polypeptides, a major component of 
21,000 daltons and a minor one of 22,000 daltons. Both peptides 
were present in translation products coded by RNA isolated 
from virions, but the proportion of the 22,000 daltons polype-
ptide was higher in products synthesized using RNA isolated 
from EMV-infected Datura leaves as messenger. Since the viral 
RNA showed a marked tendency to aggregate, it is possible that 
these polypeptides were translated from trace amounts of small 
5 
EMV-RNAs present as contaminants of the 1.0x10 -dalton genomic 
RNA. Although the addition of tRNA from infected or healthy 
Datura leaves, or from wheat germ, stimulated amino acid 
incorporation, no changes were discerned in the profile of 
cell-free translation products after electrophoretic separation. 
Non-aminoacylated and valylated EMV-RNA stimulated similar 
levels of amino acid incorporation, and the translation 
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products appeared identical. Valine bound to genomic EMV-RNA 
was not donated during protein synthesis. 
Klas (1976) observed host induced changes of the 
virulence of eggplant mosaic virus (EMV). Experiments with 
isolates of the virus from the eggplant vars. Antrouwa and 
Boulanger indicated that virulence and symptom expression were 
host induced, as were changes in antigenic properties and 
thermal inactivation point. Maximum increase in virulence was 
induced in tomato plants. Both eggplant varieties frequently 
recovered from their symptoms after 4 months, but still 
contained virus. Tomato should not be grown close to infected 
eggplants. Klas (1977) screened therapeutants against eggplant 
mosaic, tobacco mosaic and tomato spotted wilt viruses. When 
the sap from some plants was tested against these viruses, 
inhibitory activity was generally strongest in leaves, less 
so in stems and absent from roots. The greatest effect was 
shown by sap from Chenopodium amaranticolor. Preventive appli-
cations of the saps were more effective than curative ones. 
Blasticidin S showed good results when used either as a 
curative or a preventive. 
Ladipo (1976) reported a green mosaic disease of egg-
plant (Solanum melongena) from Nigeria. This disease was not 
previously recorded from Nigeria. The causal virus was trans-
mitted by mechanical inoculation but not by Myzus persicae, 
and was isolated from the eggplant exhibiting green mosaic 
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symptoms. Affected plants produced fewer fruits than did 
apparently healthy ones. The virus induced local lesions on 
Nicotiana megalosiphon, N. occidentalis, j;J. rustica and N. 
sylvestris; systemic etching symptoms on tobacco cvs. White 
Burley and Xanthi-nc and systemic vein-clearing followed by 
mottle, occasional white necrotic spots and some blistering 
in N. glutinosa. Infected N. glutinosa produced variegated 
flowers. In sap of the systemically infected N. glutinosa the 
-4 
vxrus lost infectivity at 10 dilution, after heating at 60°C 
for 10 min, or after 4 days of ageing at lab, temperature of 
25-28°C. The virus differed in host range and symptoms from 
previously recorded viruses from mosaic-infected eggplants. 
Sastry & Nayudu (1976, 1978) reported tobacco ringspot 
virus on eggplant. The virus producing ringspot symptoms in 
eggplant was very common in fields around Tirupati and 
Bangalore, and resulted 55.2 - 70.3 per cent losses in yield. 
The virus produced necrotic local lesions on 45 of 57 plant 
species inoculated. Myzus persicae. Aphis gossypii and 
A. craccivora failed to transmit the virus from infected to 
healthy eggplants. The transmission by eggplant seeds was 
3.2 - 9.8 per cent. The thermal inactivation point was 65-70°C, 
-3 -3 dilution end-point 10 - 3x10 . Infectivity at 28-32°C was 
retained upto 7 days. In desiccated eggplant leaves the virus 
was infective for 40 but not for 44 days. The virus has been 
provisionally named as the necrotic local lesion strain of 
tobacco ringspot virus. In the further studies, on the basis 
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of host range, physical properties and transmission, Sastry 
(1982) reported 3 viruses infecting eggplant in Karnataka and 
identified them as potato virus Y, tobacco ringspot and tobacco 
mosaic viruses. A key using 4 differential hosts was developed 
for identification. 
Bala & Bhargava (1977) observed potato virus C as the 
cause of mosaic disease in eggplant (Solanum melongena). The 
virus differed from other viruses reported on this host under 
natural conditions in physical properties, host reaction and 
insect transmissibility. It gave a positive serological reac-
tion with antiserum of potato virus Y and resembled with potato 
virus C. The identity of the virus as potato virus C was 
confirmed* by local necrotic reaction on leaves of potato 
varieties King Edward, Majestic and Up-to-date. 
Patil & Mali (1977) reported first time a mosaic virus 
disease of brinjal from Marathwada. Cucumber mosaic virus was 
the probable cause of this eggplant disease. 
Kenten & Brunt (1977) worked on the strains of pepper 
veinal mottle virus from solanaceous crop in West Africa. They 
found that four strains from tomato. Capsicum, eggplant and 
Solanum integrifolium were transmitted in a nonpersistent 
manner by Myzus persicae and resembled one another serologi-
cally. 
Solanum melongena cv. Black Beauty was found to be 
naturally infected with alfalfa mosaic virus in Ontario, the 
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first report on eggplant in North America (Kemp & Troup, 1977). 
It was identified by its reaction on a limited differential 
host range, serological tests, physical properties and electron 
microscopy. The virus was transmitted from tobacco to eggplant 
by Myzus persicae in a stylet-borne manner. The low incidence 
of natural infection (1-2%) in a single commercial planting 
in 1972 and the subsequent failure to observe the disease 
indicate its minor economic importance. 
Solanum seaforthianum, a weed was found naturally 
infected with eggplant mosaic virus (EMV) in Venezuela (Debrot 
et al. , 1977). Diseased plants showed mottle, vein-banding 
and little or no distortion. The virus was readily transmitted 
to some EMV indicator hosts, and had a thermal inactivation 
point of 75-80°C, reacted serologically against EMV antisera 
and was not transmitted by Myzus persicae. Purified prepara-
tions contained many isometric particles of c.30 nm diameter; 
This was the first report of natural infection of an indigenous 
host in the warm tropics. 
Usman & Mariappan (1977) reported Datura ferox L. as 
a new indicator host for brinjal/eggplant severe mosaic virus. 
The isolate of eggplant severe mosaic virus from diseased egg-
plant produced lesions on new leaves of D. ferox 10-13 days 
after inoculation. The lesions were circular, chlorotic with 
diffused margins and measured 1 - 3.5 mm in diameter. 
Mamula et ^ . (1977) reported spontaneous occurrence 
of cucumber mosaic virus (CMV) on Echinocystis lobata. 
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Leycesteria formosa and Solanum melongena in Yugoslavia. All 
six virus isolates (El, E2 and E3 from E. lobata, SI and S2 
from eggplant, and LF from L. formosa) agreed in serological 
and physical properties, and test plant reactions with CMV. 
On inoculated cowpea leaves El, E2, E3 and LF, but not SI and 
S2, caused necrotic lesions. Thermal inactivation point of 
El and SI was somewhat higher (60-65°C) than . that of LF 
(55-60°C). The isolates were similar in symptoms on test plants 
to Bhargava's spinach strain of CMV. 
Rao (1978) reported a new eggplant mosaic disease from 
India. The causal virus was sap-transmissible and was found 
to be serologically related to cucumber vein yellowing virus. 
It was transmissible to the hosts belonging to the family 
Cucurbitaceae, Solanaceae and Chenopodiaceae as well as back 
to eggplant. The thermal inactivation point was 60-65°C and 
dilution end-point 1:100; longevity J^ vitro at room tempera-
ture was 48h and at 0-4°C 5-6 days. The rod-shaped particles 
measured 290 x 18 nm. 
Kummert et jil. (1978) studied the relationship between 
the nucleotide sequences of the RNAs of tymoviruses, such as 
turnip yellow mosaic, eggplant mosaic and Andean potato latent. 
Relationship was studied by hybridization of iodinated virus 
RNAs with unlabelled RNAase-treated nucleic acid fractions 
prepared from infected leaves. Results showed a large homology 
between iodinated RNA of one virus and the corresponding un-
labelled double-stranded RNA prepared from plants infected 
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with the same virus, but not with double-stranded RNA prepared 
from plants infected with either of the other two tymoviruses 
investigated. 
Renaudin et _al. (1978) and Ricard et £l. (1978) studied 
the translation of eggplant mosaic virus (EMV) RNA in wheat 
germ extracts as well as in reticulocyte lysates. They reported 
that EMV-RNA extracted from virions was a good messenger in 
wheat germ extracts and reticulocyte lysates but directed sur-
prisingly little synthesis of coat protein. Large amount of 
coat protein, however, were synthesized when a low mol. wt. 
RNA purified from virion RNA was used as a messenger. This 
is 2nd tymovirus in which a monocistronic messenger has been 
found. Heavy virion RNA directed the synthesis of two proteins 
of high mol. wt. in reticulocyte lysates. The larger of these 
proteins were accounted for almost the entire coding potential 
of 2x10 dalton viral RNA. 
Gluschenko et _al. (1978) reported the assessment of 
tomato cultivars for resistance to some fungi, and of pepper 
and eggplant for resistance to cucumber mosaic, tobacco mosaic, 
stolbur and Verticillium wilt. 
Shawkat & Fegla (1979) for the first time from Iraq 
reported two viruses from eggplant and Cucurbita pepo. They 
isolated cucumber mosaic virus from naturally infected eggplant 
and watermelon mosaic virus-2 from vegetable marrow. These 
viruses induced local lesions on Chenopodium amaranticolor 
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and infected cucurbits as well as representatives of other 
families. WMV-2 did not infect tobacco or other solanaceous 
plants. The thermal inactivation points were 65 and 65°C, 
-4 -3 
dilution end-points 10 and 10 and longevity _in vitro 
4 and 8 days for CWV and WMV-2, respectively. Both viruses 
were transmitted by Myzus persicae and Aphis fabae. 
In field tests with different Dipel (a formulation of 
Bacillus thuringiensis var. alesti) and insecticide treatments, 
Sevin + Dipel proved best against eggplant mosaic virus and 
Thiodan alone, and Elalux + Dipel, against eggplant little 
leaf disease (Narayanasamy et^ ^ - , 1979). 
Vyanjane & Mali (1980) reported a non-aphid borne 
brinjal mosaic virus (NABMV) from India. The virus was readily 
transmitted by mechanical means but not through the seeds of 
-2 -3 brinjal. The virus was inactivated between 55-70°C and 10 -10 
dilutions. It was viable upto 16 but not 24 hr at 17 to 30°C. 
The virus was serologically related to potato virus S{PVS) 
and cowpea mild mottle but not to alfalfa mosaic, cucumber 
mosaic, bean yellow mosaic, potato virus X (PVX), tobacco 
mosaic and tobacco ringspot viruses. 
Makkouk et ail. (1981) isolated a virus from eggplant 
(Solanum melongena) in Lebanon and provisionally named as egg-
plant mottle crinkle virus. The virus producing mottling and 
malformation of leaves, and stunting of growth was identified 
as a tombusvirus on the basis of morphological, serological. 
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biophysical analyses and observation of cytopathic effects, 
but it differed from other tombusviruses by distinctive 
serological and electrophoretic properties and host range. 
The double antibody sandwich form of ELISA had a rather narrow 
specificity with tombusviruses, but the Derrick and decoration 
immunoelectron microscopy methods proved its relationship with 
tomato bushy stunt virus (TBSV) BS3 strain and pelargonium 
leaf curl virus (PLCV). Almost equally high number of virus 
particles were obtained on the grids coated with antisera of 
TBSV BS3 str. and PLCV as obtained with homologous antiserum. 
Koenig & Avgelis (1983) reported a virus in eggplant from 
German Federal Republic which was also similar to the BS3 str. 
of TBSV. The virus produced leaf mottling and stunting. In 
an agar double diffusion test the virus was readily differen-
tiated from the type strain of TBSV and other tombusviruses, 
including eggplant mottled crinkle and Moroccan pepper viruses 
which are known to infect eggplant. No spurs were observed, 
however, with the BS3 str. of TBSV and Peruvian and Tunisian 
TBSV isolates. In spite of their apparent serological identity, 
some of these BS3-like isolates showed differences in host 
range and electrophoretic mobility. 
Khalil et _al. (1982) reported a sap-transmissible virus 
from eggplant. The virus induced leaf mottle and mosaic in 
eggplant, and mottle, mosaic or leaf necrosis in tobacco. 
Susceptible hosts were found in 5 of the 26 families, mostly 
in the Solanaceae. The virus was inactivated after 10 min at 
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70°C, 7 days at 25°C and in dilutions of 10~^- 10""^. It was 
transmitted neither by seeds from diseased eggplants nor by 
Myzus persicae. The virus was purified by clarification of 
root extracts in butanol followed by differential centrifuga-
tion. Purified preparations of the virus were immunogenic with 
antisera titres of 1:32 obtained as determined by immuno-
electron microscopy and microprecipitin tests. On the basis 
of particle length (693 nm) and lack of cytoplasmic inclusions 
in crude preparations the disease agent was placed in the 
carlavirus group. 
Tobias _et _al. (1982) compared the tobamoviruses of 
Capsicum (FO, Ob, P8, Pll, P14 and SL) and eggplant (Al) with 
the common tobacco mosaic virus (TMV-WUl) on the basis of host 
reactions and serological relationship. WUl, Al and Fo were 
closely similar in their reactions in Capsicum spp., as were 
P14 and SL. Ob, Pll and P8 were also similar except in 
£• fJ^utescens Tabasco, where P8 differed from Ob and Pll. 
Microprecipitin tests roughly divided the virus strains into 
serological groups I (WUl), II (Al, Fo, P8, P14 and SL) and 
III (Pll and Ob). Group II was further divided by ELISA into 
two subgroups, including Al and FO, and P8, P14 and SL. It 
was concluded that similarities of strains in their reactions 
in Capsicum spp. were not necessarily confirmed by their serolo-
gical relationships. On the basis of symptom expression and 
host range comparison Rast (1985) reported that the aubergine 
isolate (Al) from the Netherlands was biologically 
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different from other tobacco mosaic virus strains. Differences 
in virulence between Al and an unusual strain from Capsicum 
were not maintained after their culture in different host 
plants. The apparent adaptation of Al to aubergine and not 
to Capsicum, however, suggested that it should be classified 
as a distinct strain. 
Seaker et jil. (1982) described the effect of magnesium 
on tobacco mosaic virus (TMV) - infected eggplants (Solanum 
melongena cv. Long Purple). Eggplants were grown hydropo-
nically with 3 levels of Mg and inoculated with the Ul strain 
of TMV to determine the influence of host Mg nutrition on 
concentrations of infectious virus in the leaves. There was 
a decrease in concentration of infectious TMV in leaves as 
leaf-Mg increased. Severely Mg-deficient plants had higher 
virus concentrations than plants that received adequate or 
excessive Mg. 
Guo et ^ . (1983) made a comparative studies on some 
isolates of tobacco mosaic virus isolated from eggplant, 
Capsicum, tomato and tobacco, and found that the autoradiogram 
of the peptide mapping of coat protein was useful for identi-
fication of these strain of tobacco mosaic virus. 
Salmon et ^ . (1983) reported mosaic yellows of eggplant 
from Hungary caused by local and systemic bean strains of 
alfalfa mosaic virus. On inoculation with the isolate Sm/Yl 
of the systemic bean strain, Browallia viscosa,Capsicum baccatum 
var. pendulum and Solanum trachycarpum were susceptible. 
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Honda et al. (1986) reported virus isolates infecting 
aubergine/eggplant, tomato and tobacco plants in Thailand-
Aubergine isolate named as eggplant yellow mosaic virus was 
sap-transmissible and its host range determined by transmission 
by Bemisia tabaci was limited to 7 spp. in Solanaceae. The 
host ranges of the agents of tomato and tobacco leaf curl 
diseases were similar. Purified preparations from plants 
infected with these 3 viruses contained geminate particles 
c. 18 X 30 nm. Aggregates of virus-like particles were observed 
in the nuclei of phloem cells of infected plants. 
Rao et _al. (1987) reported the occurrence of tomato 
spotted wilt virus (TSWV) on cowpea (Vigna unguiculata (L.) 
Walp.), Chilli (Capsicum annuum L. ) and brinjal (Solanum 
melongena L.). The symptoms induced by inoculation of cowpea, 
Capsicum and aubergine with TSWV were described. Natural 
occurrence of infection of TSWV in these crops was confirmed. 
MATERIALS AND METHODS 
MATERIALS AND METHODS 
3.1 RAISING AND MAINTENANCE OF PLANTS 
A mixture of sand, soil and farm-yard manure in the 
ratio of 1:2:1 was prepared for raising the plants. Soil 
mixture as well as clay pots were sterilized by autoclaving 
at 20 lb pressure for one hour and were kept overnight at room 
temperature after autoclaving. Before autoclaving the clay 
pots were rinsed with 5-8 per cent solution of formaldehyde 
(formalin). 
The seedlings of different plants were raised in shallow 
earthen pots of 12 inch diameter and transplanted into the 
pots of 6 inch diameter at 2-4 leaf stage. The plants belonging 
to family Cucurbitaceae and Fabaceae were raised by sowing 
the seeds directly in 6 inch pots. Healthy seedling raised 
and maintained in an insect-proof glasshouse received the 
uniform normal day light and agro-requirements. 
3.2 CULTURE OF VIRUS ISOLATE 
The virus isolate under investigation was obtained from 
the naturally infected plants of brinjal, Solanum melongena L. 
showing necrotic, mosaic symptoms on leaves. Young leaves of 
naturally infected brinjal plants were macerated using mortar 
and pestle with simultaneous addition of phosphate buffer (O.lM, 
pH 7.0). The slurry was squeezed through double-layered cheese-
cloth and centrifuged at 6,000 rpm for 10 min. Culture of virus 
49 
was maintained by sap inoculation of a group of healthy and 
uniform plants of brinjal, ^. melongena cv. BR-112 at 4-5 leaf 
stage using sap prepared as above. To ensure biological purity 
of the virus and to eliminate the possible contaminating 
viruses from the culture, the sap prepared from infected 
brinjal leaves was inoculated on the leaves of Datura 
stramonium L. , a local lesion host of the virus. Lesions were 
excised from the leaves singly and macerated on slides 
separately with the help of a glass spatula in a drop of 
phosphate buffer (O.IM, pH 7.0), and then inoculated separately 
to young brinjal plants. From one of these plants which 
developed symptoms the culture was further maintained. 
Periodic checks were made on assay host, D. stramonium to 
ensure the purity of the virus culture. 
3.3 DISEASE INCIDENCE 
Brinjal, _S. melongena grown in and around Aligarh Distt. 
were surveyed in the year 1985. Disease incidence was calcu-
lated by the following formula: 
^. . -J Number of plants showing symptoms ,„,. Dxsease xncidence = 1 ^ -^  ^  x 100 
Total number of plants observed 
3.4 TRANSMISSION 
Various methods of transmission were tested to ascertain 
the spread of virus in nature. 
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3.4.1 By sap inoculation 
3.4.1.1 Preparation of inoculum 
Young infected leaves of brinjal showing prominent 
symptoms were macerated with requisite amount of phosphate 
buffer (O.IM, pH 8.0). The slurry was squeezed through double-
layered cheesecloth and centrifuged at 6,000 rpm for 10 min. 
The supernatant, thus obtained has been termed as Standard 
Inoculum (SI) in further tests. For each gram of infected leaf 
material, 2 ml of the buffer was used. 
3.4.1.2 Inoculation 
Inoculations were made by rubbing the forefinger, dipped 
in the Standard Inoculum (SI), on the upper surface of 2-3 
basal leaves of the plants predusted with carborundum 
(500 mesh). The inoculated leaves were rinsed by a gentle 
stream of water soon after inoculation. 
3.4.2 By aphids 
Three species of aphids. Aphis gossypii Glov.,Brevicoryne 
brassicae L. and Myzus persicae Sulz. were used in the tests, 
and were bred on appropriate hosts. 
3.4.2.1 Rearing of aphids 
Single adult apterous aphid starved for 6-7 hr was 
placed on a healthy leaf kept in a Petri dish on a moistened 
filter paper. Young nymphs produced by such aphid served as 
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the parents for initiating the colony on appropriate healthy-
plants maintained in cages of 90x90x90 cm size. Fresh young 
colonies of aphids were maintained by transferring them regu-
larly at every 15 days'interval to young healthy plants. 
3.4.2.2 Transmission 
To ascertain the mode of transmission, i.e. either 
non-persistent or persistent, the following procedures 
were employed. 
3.4.2.2.1 Non-persistent 
The nymphs collected carefully from the fresh healthy 
colony with the help of the moistened tip of a camel hair brush 
type A, No. 1 were starved for 2 to 3 hr in a Petri dish having 
the inner surface covered with a wet piece of filter paper 
before an acquisition access period of 1 to 2 min on the leaf 
of the diseased plant. After acquisition access period, the 
nymphs in batches of 8 to 10 were transferred to each 
healthy seedling and the seedlings were covered with cages 
for an inoculation access period of 24 hr. The aphids after 
the end of inoculation access were killed by spraying with 
0.2 per cent Metacid 50 (insecticide) and the plants were kept 
under insect -proof glasshouse for observation of symptoms. 
3.4.2.2.2 Persistent 
In this test nymphs without being given any pre-
acquisition starvation were allowed 24 hr acquisition 
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access on diseased leaves followed by an inoculation access 
period of 48 hr on test plants. The inoculation access was 
terminated by spraying the plant with 0.2 per cent insecticide. 
These test plants were kept under insect-proof glasshouse to 
observe the development of the symptoms. 
Back inoculations from each plant were made to 
D. stramonium. 
3.4-3 By whiteflies 
3.4.3.1 Source of non-viruliferous whiteflies 
Whiteflies (Bemisia tabaci Genn.) collected from 
brinjal plants in nature were caged on a healthy brinjal plant 
for egg laying. After 10 days the adults were removed from 
the cage. New whitefly adults developing after 7 to 8 days 
(in summer) were further multiplied. Insect colonies so raised 
were used for transmission studies. 
3.4.3.2 Transmission 
Procedure as used by Srivastava et jil. (1977) was 
followed for the handling of whiteflies. Non-viruliferous 
whiteflies were allowed acquition and inoculation access 
periods of 24 hr each on diseased and healthy plants, respec-
tively. Metacid 50 (0.2%) was sprayed to kill the whiteflies 
after the end of inoculation feeding. The plants were kept 
under insect -proof glasshouse for one month for observation 
of symptoms. 
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3.4.4 By dodder 
Seeds of two species of dodder, Cuscuta chinensis Lam. 
and C. reflexa Roxb. were sown in a Petri dish having the inner 
surface covered with a wet piece of filter paper. After germina-
tion^ the dodder seedlings with a stem of 2-4 cm were trained 
on healthy brinjal plants and these plants were inoculated after 
the dodder had established on them. After 8-10 days of inocula-
tion the stems of dodder were placed and allowed to train on 
healthy brinjal plants placed near the infected ones having 
dodder established on them. These plants were kept for observa-
tion of symptoms for two months. Back inoculations from dodder-
inoculated brinjal plants to D. stramonium were made to check 
the presence of virus. 
3.4.5 By soil 
Soil was collected from and around the virus-infected 
plants and sieved to remove roots, debris etc. The soil was 
divided into two parts: one part was autoclaved at 20 lb 
pressure for 1 hr which served as control and the remaining 
other part left as such. Healthy seedlings of susceptible 
cultivars of brinjal were transplanted in autoclaved and 
unautoclaved soil separately contained in pots. These plants 
were kept under an insect-proof glasshouse for observation of 
symptoms till a period of 2 months after transplantation. Back 
inoculation tests were carried out to ascertain the presence 
of virus in them. 
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3.4.6 Through seeds 
Seeds collected from the virus-infected plants were 
sown in autoclaved soil under an insect-proof glasshouse. After 
seedlings emergence, the plants were observed till 2 months 
for the development of symptoms. Back inoculation tests from 
the random selection of ten plants were made to ascertain the 
presence of virus in them. 
3.5 HOST RANGE AND SYMPTOMATOLOGY 
Various species and cultivars of plants belonging to 
different families were screened for the susceptibility to the 
virus under investigation by mechanical inoculation using 
Standard Inoculum (SI). At least three plants of each species/ 
cultivar at 3-4 leaf stage were inoculated with SI and the same 
number of plants were left as control. Plants were observed 
till two months after inoculation for development, sequence 
and severity of symptoms. Back inoculation tests from all 
inoculated plants, including those which did not show any visi-
ble symptoms were made on D. stramonium to work out the latent 
infection, if any. 
3.6 PROPERTIES OF THE VIRUS IN PLANT SAP 
3.6.1 Bio-physical properties 
Techniques as detailed by Noordam (1973) were employed 
for ascertaining the following bio-physical properties: 
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3.6.1.1 Dilution end-point (PEP) 
Young leaves of brinjal plants inoculated 10-12 days 
earlier were macerated in a mortar with pestle and the sap was 
obtained by squeezing the macerate through double-layered cheese-
cloth. Ten-fold idlutions (lO""^ , 10"^, 10""^, 10"'^, 10~^, lO"^ 
_7 
and 10 ) were made of the sap by the addition of distilled 
water. From each dilution five plants of D. stramonium having 
six leaves each of almost equal size were inoculated using 
carborundum (500 mesh) as an abrasive. Local lesions developed 
on inoculated leaves were counted when appeared. 
3.6.1.2 Thermal inactivation point (TIP) 
The sap obtained by macerating the young infected leaves 
of brinjal was divided into 12 aliquots of 5 ml each and were 
kept separately into glass vials. One aliquot was left as such 
at room temperature and eleven other aliquots were heated at 
40, 45, 50, 55, 60, 65, 70, 75, 80, 85 and 90°C for 10 min and 
then cooled immediately by dipping in cold water. The glass 
vials were held in waterbath in such a way that the sap level 
was 2-3 cm below the level of the water in the bath. Each 
aliquot was inoculated to five plants of D. stramonium having 
six leaves each and the local lesions were counted when appeared. 
3.6.1.3 Longevity in vitro (LIV) 
3.6.1.3.1 In sap 
The sap prepared by macerating the young infected leaves 
of brinjal was divided into two aliquots and one of them was 
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stored at room temperature (20±5°C), while another at A'C. Five 
plants of D. stramonium having six leaves each of almost equal 
size were inoculated with the sap from each aliquot separately 
at different intervals upto several days. Local lesions deve-
loped on inoculated leaves were counted. 
3.6.1.3.2 In freeze-dried leaves 
Young infected leaves of brinjal inoculated 10 days 
earlier were cut into small pieces. The midribs were removed 
and discarded from the main mass of leaf tissues. The pieces 
of infected leaves were taken as such in small glass ampoules. 
The leaf pieces were then frozen in an acetone Dry Ice Bath 
-4 
and vacuum dried at a pressure of 10 mm Hg in Toshniwal Bath 
cum Lyophiliser. When the leaf pieces were freeze-dried, the 
glass ampoules were sealed at a pressure of 10 mm Hg and 
stored at 4°C in a refrigerator. For longevity tests, these freeze-
dried leaf pieces were taken out from the sealed glass ampoules 
at different time intervals upto three months and macerated 
with distilled water. The macerate was filtered through double-
layered cheesecloth and sap, thus obtained was inoculated on 
JD. stramonium for determinating the virus infectivity. 
3.7 PURIFICATION 
3.7-1 Concentration of the virus in brinjal, S. meIongena cv. 
BR-112 plants 
Brinjal, the natural host of the virus under investiga-
tion, was selected as suitable propagation host of the virus 
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due to its availability almost around the year. To findout the 
time at which the virus attained its maximum concentration, 
the infectivity of the virus was assayed on D. stramonium at 
different time intervals after mechanical inoculation. 
A batch of 100 brinjal plants of the same age and size 
was selected and these plants were inoculated with the virus. 
At intervals of 2, 4, 6, 8, 10, 12, 14, 16 and 18 days five 
plants were selected randomly and the young apical leaves of 
these plants were macerated. The macerate was squeezed through 
double-layer of cheesecloth. The sap, thus obtained was 
inoculated on D. stramonium and the local lesions were counted 
when appeared. 
3.7.2 Concentration of the virus in different parts of brinjal 
plants 
Ten brinjal plants inoculated 10-12 days earlier were 
uprooted carefully and washed. The plants were placed on blott-
ing sheet and dried. The root, shoot and leaf tissues were cut 
into small pieces separately. Equal amounts of root, shoot and 
leaf tissues were homogenized separately with distilled water 
and filtered through double-layer of cheesecloth. Five plants 
of D. stramonium were inoculated with each sample and the local 
lesions were counted when appeared, for comparison. 
3.7.3 Selection of local lesion host 
The sap prepared from the young infected leaves of 
brinjal was inoculated on various local lesion hosts of the 
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virus under investigation. The local lesions developed on 
inoculated leaves of each local lesion host were counted and 
compared to select the most suitable ones. 
3.7.4 Standardization of extraction medium 
3.7.4.1 Effect of buffers 
Various buffers used for extraction of virus were 
prepared by conventional method described by Gomori (1955) and 
pH of buffers was measured by ELICO pH meter model LI-10. 
Acetate, borate, citrate and phosphate buffers at 
different pH values were tested to work out the most suitable 
ones for maintaining the virus infectivity. 
SI in individual buffer and pH was prepared separately 
by the standard procedure. Each sample was bioassayed on 
D. stramonium and the local lesions developed on inoculated 
leaves were recorded for comparison. 
3.7.4.2 Effect of molarity 
After finding out the suitable buffer at a particular 
pH value for maximum extraction of active virus, different mola-
rities, O.OOIM, O.OIM, O.IM, 0.2M, 0.5M, l.OM, 1.5M and 2.0M 
of the same buffer at that particular pH were tried with a view 
to assess their suitability for extraction. 
3.7.4.3 Effect of additives 
Various reducing and chelating agents used as additives 
were added to the inoculum to find out their effect on the virus 
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infectivity. These additives were added either alone or in 
combination with others. Following additives obtained from 
sources mentioned below were used. 
(i) Ethylenediamine tetra- BDH (India) Pvt. Ltd., India, 
acetic acid (EDTA) 
(ii) Sodium sulphite BDH (India) Pvt. Ltd., India. 
(iii) Thioglycollic acid Polypharm Pvt. Ltd., India. 
3.7.5 Clarification of extract 
3.7.5.1 By adsorbent (Hydrated calcium phosphate) 
Attempts were made to clarify the crude sap of virus 
infected leaves by the addition of hydrated calcium phosphate 
(HCP) _in situ. HCP was prepared by adding 0.05 volume of IM 
calcium chloride (CaCl^) and 0.25 volume of 0.2M disodium 
phosphate (Na_HPO.) solutions. _In situ clarification IM CaCl^ 
and 0.2M Na_HPO. solutions were directly added simultaneously 
to the extract while stirring for half an hour. The extract 
was then centrifuged at 3,000 rpm for 15 min. The HCP was again 
added to the supernatant obtained after centrifugation and 
stirred for half an hour. After stirring it was again centri-
fuged at 3,000 rpm for 15 min. Adding of HCP to the supernatant, 
and stirring and centrifugation was done once more. The super-
natant obtained after each centrifugation was assayed on D. 
stramonium for comparison of virus infectivity. Crude sap 
prepared in extraction buffer (EB) [O.lM phosphate buffer pH 8.0 
containing 0.1% sodium sulphite and 0.1% thioglycollic acid] 
served as control. 
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3-7.5.2 By organic solvents 
Organic solvents (butanol, carbon tetrachloride and 
chloroform) either alone or in combination were used for 
removal of extraneous material from crude sap. The requisite 
amount of solvent was added to SI and the mixture incubated 
for half an hour at 4°C (in refrigerator). The aqueous layer 
was separated by low speed centrifugation (6,000 rpm for 10 
min) and assayed on JD. stramonium. Sap extracted in EB only 
was used as control during half-leaf assay method for comparison 
of virus infectivity. 
3.7.6 Precipitation of virus with polyethylene glycol (PEG) 
Precipitation of the virus was tried using 2, 4, 6, 
8 and 10 per cent PEG separately with or without 1 and 2 per 
cent sodium chloride (NaCl). After the addition of requisite 
amount of PEG and NaCl to the clarified extract, the mixture 
was stirred for two hours to allow precipitation. The precipi-
tate was pelleted by centrifugation (12,000 rpm for 20 min). 
The pellets obtained were dissolved separately in EB and recen-
trifuged at low speed (6,000 rpm for 10 min). The supernatants, 
thus obtained were assayed on D. stramonium for comparison of 
virus infectivity. 
3.7.7 Differential centrifugation 
Ultracentrifugation of different samples was done in 
model L3-50 Beckman preparative ultracentrifuge using rotor 
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type 50. Normally high speed centrifugation was done at 30,000 
or 35,000 rpm for 2h and the low speed centrifugation at 
6,000 rpm for 10 min. The pellet obtained after high speed 
centrifugation was dissolved in EB and the supernatant obtained 
after each low speed centrifugation was assayed on D.stramonium 
for determining the virus infectivity. 
3.8 DENSITY GRADIENT CENTRIFUGATION 
Linear gradient columns were prepared by the method of 
Brakke (1960) using 40, 30, 20 and 10 per cent sucrose solutions 
prepared in O.IM phosphate buffer pH 8.0. Gradient columns were 
prepared by layering 7,7,7 and 4 ml of 40, 30, 20 and 10 per 
cent sucrose solutions, respectively in 1" x 3" tubes. The 
heaviest solution was layered first and the solutions of decrea-
sing concentrations were layered on the top of each other. The 
tubes were kept overnight in a refrigerator (4°C) to get a 
linear gradient. 
Next day, 2 ml freshly prepared partially purified virus 
suspension was loaded on each tube with the help of LKB-
Varioperpex Pump and centrifuged at 23,000 rpm in Swinging-bucket 
rotor (SW 25.1) for 2 hr in a Beckman L3-50 ultracentrifuge. 
To get an ideal virus band, different lengths of time, ranging 
from 2 to 4 hr and different dilutions of partially purified 
virus suspension were applied. After centrifugation the tubes 
were taken out and were examined in a dark room by projecting 
a narrow beam of light down the top. The light 
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scattering band (virus zone) was removed from the tubes with 
the help of a 20 gauge 10 cm long needle bent twice at right 
angles and attached to a hypodermic syringe. The sample, thus 
removed was diluted with phosphate buffer (O.IM, pH 8.0) and 
the virus pelleted by high speed centrifugation (35,000 rpm 
for 2 hr). The pellet obtained was resuspended in phosphate 
buffer (O.IM, pH 8.0) and recentrifuged at low speed (6,000 rpm 
for 10 min). The supernatant, thus obtained was the purified 
virus preparation and was inoculated on D. stramonium for deter-
mining the infactivity of the virus. 
3.9 UV-ABSORPTION SPECTRUM 
The purified virus preparations obtained after density 
gradient centrifugation were screened in a SHIMADZU UV-Visible 
Recording Spectrophotometer after diluting it suitably. 
Absorbance (A) of samples was recorded in UV range (230-300 nm). 
Correction for light scattering, however, was not done. Values 
of A max/A min, A260/A280 and A280/A260 were determined to get 
the approximate percentage of viral nucleic acid by comparing 
the data with standard graph (Gibbs and Harrison, 1976). 
Spectral curves (absorbance vs. wave length) were recorded using 
an automatic recorder. 
3.10 ELECTRON MICROSCOPY 
3.10.1 Morphology of the virus particles 
Electron microscopic examination was conducted with a 
JEOL JEM-IOOS electron microscope. A small drop of the purified 
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virus preparation obtained after density gradient centrifugation 
was placed on a collodion-coated carbon-backed filmed copper 
grid. After two minutes, the excess of sample was drained by 
touching the grid edge with Whatman No. 1 filter paper. The 
grid was then stained with 2% (W/V) aqueous uranyl acetate solu-
tion for 90 sec. The samples were alternatively stained with 
2% (W/V) phosphotungstic acid in identical manner as described 
above. The grids so prepared were screened under the electron 
microscope. The normal length (NL) of the particles was calcula-
ted by determining the arithmetical mean from the main maximum 
of the length distribution of virions. 
3.10.2 Ultrastructural studies 
Young infected leaves of brinjal were collected after 
10-12 days of inoculation for the purpose. The leaf area exhibi-
ting the symptoms were cut into pieces of 1x2-3 mm and 
immersed in 3% glutaraldehyde solution in O.IM phosphate buffer 
pH 8.0 in small injection vials. After 6 hr, the fixative 
(glutaraldehyde) was drained out and the leaf pieces were washed 
twice with phosphate buffer at an interval of half an hour to 
remove glutaraldehyde. Osmium tetroxide solution (1%) in O.lM 
phosphate buffer pH 8.0 was then poured over the leaf pieces 
in vials. Vials were covered with aluminium foil and allowed 
to stand for 2 hr. The osmium tetroxide solution was carefully 
taken out and the leaf pieces were washed with distilled water. 
They were then dehydrated in graded series of acetone as 
follows: 
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(i) 30% Acetone 
(ii) 50% Acetone 
(iii) 70% Acetone 
(iv) 95% Acetone 
(v) 100% Acetone 
10 min 
10 min 
10 min 
10 min 
30 min 
(two changes each of 30 min) 
The leaf pieces, after dehydration, were cleared in 
propylene oxide by giving two changes of 30 min each. Then 
propylene oxide was substituted with 1:1 mixture of epoxy resin 
and propylene oxide and the leaf pieces were left in this 
mixture for 2 hr. Mixture of Spurr's epoxy resin was prepared 
as follows: 
Resin, i.e. vinylcyclohexene dioxide (VCD) 
Hardner, i.e. nonenyl succinic anhydride (NSA) 
Flexibilizer, i.e. diglycidyl ether of polypropylene 
glycol (DER 736) 
Accelerator, i.e. dimethylaminoethanol (DMAE) 
10 ml 
26 ml 
06 ml 
0.4 ml 
Resin, hardner and flexibilizer were first thoroughly 
mixed and then accelerator was added and mixed properly. 
The aluminium caps were then taken off the vials and 
propylene oxide was allowed to get evaporated. After 8 hr, the 
resin mixture in vials was replaced with fresh resin mixture 
and vials left for another 4 to 10 hr. The properly infiltrated 
leaf pieces were then embedded in fresh resin mixture in gelatin 
capsules orienting them suitably for transverse sectioning. 
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The capsules in proper holders were transferred to an oven set 
at 70 °C for curing of the resin mixture. The properly cured 
blocks were ready after 24 hr. They were then trimmed and 
ultrathin sections of silver interference colour (i.e. ca. 
70-80 nm) obtained with the help of LKB Ultratome Nova. The 
section ribbons were lifted on copper grids. The sections on 
grids were then stained as follows: 
(a) Saturated alcoholic uranyl acetate 
This solution was prepared by dissolving excess of uranyl 
acetate in 50% ethanol followed by centrifugation at 6,000 g 
for 10 min. The supernatant was filtered through Whatman No.l 
filter paper. Drops of this stain were placed on parafilm on 
slides, and sections on grids were immersed in them and left 
for 30 min at room temperature. After 30 min, the sections were 
rinsed thoroughly in 50% ethanol and two lots of distilled water. 
The grids were then drained and further stained with lead 
citrate as given below: 
(b) Lead citrate solution 
This solution was prepared according to the method 
described by Reynolds (1963) as detailed below: 
In a 50 ml - volumetric flask 1.33 g of lead nitrate 
and 1.76 g of trisodium citrate were poured, then 30 ml of 
carbon dioxide - free distilled water (glass distilled water) 
was added and the mixture was shaken at intervals for about 
30 min. On mixing a thick white precipitate appeared which 
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was dissolved by adding 8 ml of IN NaOH solution prepared in 
carbon dioxide - free distilled water and the volume made to 
50 ml with carbon dioxide-free distilled water. The solution, 
thus obtained was centrifuged at 6,000 g for 10 min to sediment 
any left over precipitate and the supernatant was filtered 
through Whatman No.l filter paper. 
Drops of the lead citrate solution were placed on para-
film on slides in Petri dish containing pellets of sodium 
hydroxide to provide a carbon dioxide (C0_) free atmosphere. 
The sections on grids previously stained with uranyl acetate 
were floated on these drops for 10 min. They were then washed 
thoroughly in O.IN NaOH followed by distilled water, drained, 
dried and screened under electron microscope, JEOL JEM-IOOS 
at 80 Kv. 
3.11 SDS-ELECTROPHORESIS OF VIRUS PROTEIN 
The molecular weight of coat protein of the virus under 
investigation was determined by using SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) according to the method described 
by Weber and Osborne (1969). The markers used to estimate the 
molecular weight of the protein subunit of the virus were 
dC-Lactalbumin (MW 14,200 daltons), Trypsin Inhibitor, (MW 
21,100 daltons), Trypsinogen (MW 24,000 daltons). Carbonic 
Anhydrase (MW 29,000 daltons), Glyceraldehyde-3-phosphate 
Dehydrogenase (MW 36,000 daltons). Egg Albumin (MW 45,000 
daltons) and Bovine Serum Albumin (MW 66,000 daltons). All these 
markers were procured from Sigma Chemical Company, U.S.A. 
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Virus was dissociated by heating for 2 min in a boiling 
waterbath in the presence of O.IM phosphate buffer pH 8.0 conta-
ining 0.2% (W/V) SDS and 1% (V/V) 2-mercaptoethanol. Before 
electrophoresis, 50 pi of the dissociated virus samples were 
mixed with 3 \il of 0.05% (V/V) bromophenol blue in water, 1 
drop of glycerol and 5 pi of 2-mercaptoethanol, and layered 
over a 10% (W/V) cylindrical polyacrylamide gels (120x6 cm). 
Electrophoresis was performed with molecular weight markers 
at a constant current of 8 mA per gel tube for 3h hr using 1:1 
(V/V) diluted gel buffer. After electrophoresis, the gels were 
removed from the tubes and stained overnight in 0.2% (W/V) 
coomassie brilliant blue (R 250) in 50% (V/V) methanol and 
7% (V/V) glacial acetic acid in water (Maizel, 1966). The gels 
were destained with a solution containing 75 ml glacial acetic 
acid, 50 ml of methanol and 875 ml of water. The distances, 
the virus protein and marker proteins migrated were measured 
from the top of the gel. The distances, the marker proteins 
migrated were plotted against the logarithm (Rf) of their known 
molecular weights and from the standard line, thus obtained 
the molecular weight of the coat protein of the virus under 
investigation was determined using its migration. 
3.12 CHARACTERISTICS OF VIRAL NUCLEIC ACID 
3.12.1 Isolation of nucleic acid 
The phenol-chloroform method was employed for isolation 
of viral nucleic acid. Phenol and chloroform were prepared as 
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detailed by Maniatis et. al (1982). Phenol contained 8-hydroxy-
quinoline to a final concentration of 0.1% (W/V) while 
chloroform contained 4% (V/V) iso-amyl alcohol. 
Purified virus solution was extracted with a mixture 
of phenol-chloroform (1:1) followed by another extraction 
with chloroform only as given below: 
2 ml virus preparation + 2 ml mixture of phenol-chloroform (1:1) 
I 
Mix the contents in a mixer till an 
emulsion form 
J 
Centrifuge at 1600 g for 3 min 
I 
Phenol phase 
.4' Aque9us phase 
Discard i 
Add chloroform and mix in a mixer 
i 
Centrifuge at 1600 g for 3 min 
Ch oroform phase 
>' 
Discard Aqueous phase 
i 
Add 2.5 volumes of chilled ethanol 
i 
Kept overnight at -20''C 
i 
Centrifuge at 15,000 g for 30 min 
•V 
Supernatant Pellet 
.1 i 
Discard Suspended xn distilled water 
(Viral nucleic acid) 
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The viral nucleic acid preparation was inoculated on 
D. stramonium and its infectivity was compared with that of 
the virus. 
3.12.2 Type of nucleic acid 
The type of nucleic acid contained in the virus was 
determined by orcinol (Shatkin, 1969) and diphenylamine 
(Burton, 1956) tests for RNA and DNA, respectively. 
3.12.2.1 Orcinol test 
Orcinol reagent was prepared by adding 100 mg of orcinol 
and 100 mg of ferric chloride (FeCl2.6H20) in 100 ml of 
concentrated hydrochloric acid (HCl). One ml of freshly 
prepared orcinol reagent was added to 1 ml of nucleic acid 
preparation. The mixture was placed in boiling waterbath for 
4 5 min and observed for the development of colour. 
3.12.2.2 Diphenylamine test 
Diphenylamine reagent was prepared by mixing 1 gm of 
diphenylamine in 100 ml of glacial acetic acid and 2.75 ml 
of sulphuric acid (H^SO.). One ml of suitably diluted nucleic 
acid preparation was mixed with 2 ml of diphenylamine reagent 
and heated at 60"C for 10 min to observe the development of 
colour. 
3.12.3 Infectivity assay 
The nucleic acid preparations were treated separately 
with pancreatic ribonuclease and deoxyribonuclease (Sigma 
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Chemicals, U.S.A.)• The infectivity of nucleic acid was 
-1 -2 determxned by comparing different dilutions (10 , 1 0 
-3 -4 -5 10 , 10 and 10 ) of nucleic acid preparation with 
different dilutions of the parent virus. The dilutions of 
nucleic acid preparation as well as purified virus prepara-
tion were made using O.IM phosphate buffer pH 8.0 as diluent. 
Test plants, D. stramonium were inoculated with the dilutions 
of both the preparations, and local lesions appeared were 
counted and compared. 
3.13 SEROLOGY 
3-13.1 Raising of antisera 
Partially purified virus prepration obtained after diff-
erential centrifugation was used as antigen for immunization 
of rabbits. Healthy male albino-rabbits, approximately 3 lbs 
in weight and six months old were used. One intravenous injec-
tion in ear followed by three intramuscular injections into 
thigh were given one week apart to a single albino-rabbit 
using 1 ml partially purified virus preparation per injection. 
For intravenous injection, virus preparation was injected 
into the external marginal vein of the ear formely shaved 
and rubbed with xylene to avoid contamination and appearance 
of clear vein. For intramuscular injection, virus preparation 
(1 ml) was emulsified with an equal volume of Freund' s 
incomplete adjuvant (Difco Lab., U.S.A.). The emulsion was 
divided into two parts and injected into each thigh of hind 
legs of the rabit. 
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Blood was collected from the ear that was not used for 
injection by giving sharp incision after 20, 30 and 60 days 
of final injection. About 15-20 ml of the blood was collected 
at a time and allowed to coagulate for 2 hr at room tempera-
ture (20 ± 5°C) and kept in a refrigerator for 4-6 hr. Then, 
the serum was decanted and clarified by centrifugation (5,000 
rpm for 5 min). The straw yellow coloured supernatant was 
collected and stored in sterile small ampules by adding few 
crystals of sodium azide (NaN^). 
3.13.2 Serological tests 
The antiserum used for following serological tests/ 
reactions was obtained after first bleeding only, i.e. 
20 days after last injection. 
3.13.2.1 Homologous reaction 
3.13.2.1.1 Tube precipiirim t-es^ b - — ~ — -
Serial two-fold dilutions of both antiserum and antigen 
were prepared using 0.85% saline buffer (O.lM phosphate buffer 
pH 8.0 containing 0.85% NaCl) as diluent. For antigen end-
point, 0.5 ml of each of a series of two-fold dilutions of 
the antigen was put in a separate narrow glass tube and to 
each tube 0.5 ml of antiserum (undiluted) was added. Then, 
the tubes were immersed partially in a waterbath at 37°C to 
promote mixing and observed for formation of the precipitates. 
Similarly, for antiserum end-point, 0.5 ml of each of a series 
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of two-fold dilutions of the antiserum was put in glass tubes 
and to each tube 0.5 of antigen of a constant dilution was 
added. Then, the tubes were immersed partially in waterbath 
at 37°C and observed for formation of the precipitates. 
3.13.2.1.2 Quchterlony gel double-diffusion test 
To determine the optimum condition for the formation 
of immunoprecipitin band of virus + antibody, double-diffusion 
tests in plastic Petri dishes (100 x 15 mm) were carried out 
using different combinations of viral antigen and gel media, 
as follows: 
Preparation of viral antigen 
Antigen used in immunodiffusion tests were prepared 
in following ways: 
A = Virus particles suspended in phosphate buffer (O.IM, 
pH 8.0). 
B = Virus particles suspended in phosphate buffer (O.lM, 
pH 8.0) containing 0.85% (W/V) NaCl. 
C = Virus particles suspended in distilled water containing 
1.0% (W/V) SDS. 
Preparation of agar gel media 
Agar gel media for immunodiffusion tests were prepared 
in the following ways: 
a = 0.8% agarose (Difco Lab., U.S.A.) (W/V) in phosphate 
buffer (O.IM, pH 8.0). 
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b = 0.8% agarose (W/V) in phosphate buffer (O.lM, pH 8.0) 
containing 0.02% (W/V) sodium azide (NaN^). 
c = 0.8% agarose (W/V) in phosphate buffer (O.lM, pH 8.0) 
containing 0.85% (W/V) NaCl. 
d = 0.8% agarose (W/V) in distilled water containing 0.5% 
(W/V) SDS and 1% (W/V) sodium azide. 
For determination of antigen end-point and antiserum 
end-point in gel, serial two-fold dilutions of antigen were 
loaded in wells against undiluted antiserum in wells, and 
serial two-fold dilutions of antiserum were loaded in wells 
against a constant dilution of antigen in wells, respectively. 
3.13.2.2 Heterologous reaction 
For establishing the serological relationship of the 
virus various antisera of the viruses having similar particle 
morphology were tested against the virus under investigation. 
The reactions were carried out using Ouchterlony double-
diffusion tests in plastic Petri dishes. The gel medium was 
prepared by melting 800 mg agarose in 100 ml O.lM phosphate 
buffer pH 8.0 plus 0.02% sodium azide (NaN-). The antigen 
was prepared by suspending virions in O.lM phosphate buffer 
pH 8.0. 
The sources of antisera to different tobamoviruses 
obtained are given below: 
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VIRUS 
Cucumber green mottle mosaic virus 
(CGMMV) 
Tobacco mosaic virus (TMV) 
TMV - A^ (Aubergine strain) 
TMV - D (Dahlemense strain) 
TMV - Pll(Pepper strain) 
TMV - P14(Pepper strain) 
TMV - WUl (Tabacco strain) 
SOURCE 
Dr. D.Z. Maat 
Instituut Voor 
Planteziektenkundig 
Onderzoek, 
Wageningen, 
THE NETHERLANDS 
Tobacco mosaic virus (TMV) 
(Wild strain=Vulgare=Ul strain) 
Tomato mosaic virus (ToMV) 
Prof. S. Sarkar 
Institut fur Phytomedizen, 
University of Hohenheim, 
Stuttgart, 
FED. REP. GERMANY 
Dr. S.E. Albrechtsen 
Virologist, 
Antiserum Bank, 
Institute of Seed Patho-
logy for developing 
Countries, 
Hellerup, 
DENMARK 
3.14 IMMUNOSORBENT ELECTRON MICROSCOPY (ISEM) 
For ISEM the method described by Derrick (1973) and 
later on modified by Milne & Luisoni (1977) was applied. 
3.14.1 Preparation of antiserum dilutions 
Different antisera of Tobacco mosaic virus (TMV) 
strains were diluted in O.IM phosphate buffer pH 8.0. 
Antisera of TMV-Al, TMV-Pll and TMV-P14 having a micropre-
cipitin titre of 1:1024 were diluted to 1:400 while the 
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antisera of the virus under investigation (BNMV), TMV-D and 
TMV-WUl having a microprecipitin titre of 1:256 were diluted 
to 1:100. The antiserum of TMV-Ul having a microprecipitin 
tite of 1:128 was diluted to 1:50. Thus, final titre of all 
the antisera used was approximattely the same. For comparison, 
preimmune (normal) serum diluted 1:400 with O.IM phosphate 
buffer pH 8.0 was employed. 
3.14.2 Trapping of virus particles 
Freshly prepared collodion-coated carbon-backed filmed 
grids were floated film side down on 0.05 ml drops of diluted 
antiserum and incubated in a humid chamber for 5 min at room 
temperature. Antiserum-coated grids were then washed with 
30 drops of distilled water and drained by touching their 
edge with Whatman No. 1 filter paper. The grids were then 
immediately floated film side down on 0.05 ml drops of 
purified virus sample diluted 1:100 with O.lM phosphate 
buffer pH 8.0 and incubated in a humid chamber for 1 hr at 
37°C. For measurement of virus particles, grids were also 
prepared from the crude virus extract (SI) diluted 1:10 with 
phosphate buffer in the same manner as described for purified 
virus extract except that trapping was done on BNMV antiserum-
coated grids only. The grids were then washed with 30 drops 
of distilled water, drained by touching their edge with 
filter paper and immediately floated on the drops of 2% 
aqueous uranyl acetate solution for 30 sec. Now the grids 
were finally drained and allowed to air dry. In the same 
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way as described above, the control {preimmune serum-coated) 
grids were prepared. The grids so prepared were screened 
under JEOL JEM-IOOS electron microscope at 80 kv. 
3.14.3 Estimation of trapped particle numbers 
Trapped virus particles were counted in 10 random 
viewing fields on the grids for each virus-antibody combina-
tion as well as for control grids. The amount of trapping 
(Trapping intensity) by each antiserum was expressed as an 
increase factor over the number of particles on the corres-
ponding preimmune serum-coated grid and was calculated by 
dividing the number of particles counted on the antiserum-
coated grid by the number of particles counted on the corres-
ponding preimmune serum-coated grid (Roberts et _al., 1984). 
3.14.4 Decoration of virus particles 
After trapping the virus particles on antiserum-coated 
grids as described above, the grids were again floated film 
side down on the 0.05 ml drops of the same diluted antisera 
at 37°C. The grids were then washed with 30 drops of 
distilled water, drained by touching their edge with filter 
paper and immediately floated on the drops of 2% aqueous 
uranyl acetate solution. The grids were then finally drained 
and air-dried, and screened under the electron micro-
scope. 
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3.14.5 Estimation of decoration intensity 
The decoration intensity was calculated by subtracting 
the average width of undecorated particles from the average 
width of decorated particles. For calculating the average 
width, 50 particles were measured randomly on the grids. 
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R E S U L T S 
RESULTS 
4.1 NATURAL SYMPTOMS AND INCIDENCE OF DISEASE 
Naturally infected plants of brinjal, Solanum melongena L.; 
showed necrotic mosaic symptoms on leaves. The brownish necrotic 
spots were intermingled with light and dark green mosaic 
symptoms. There was a small brown necrotic central point surroun-
ded by a brown necrotic ring with a normal green tissue in 
between; most of the necrotic spots were without a green tissue 
in between the central point and the ring, which probably 
developed as a result of necrosis of green tissue present in 
between the necrotic central point and the ring surrounding it. 
In severely affected plants, the leaves showed great reduction 
in size, and some degree of malformation was also observed 
(Fig. 1.0a and b). Reduction in growth of roots and over-all 
stunting of the plants were also noticed. Flowering and fruit-
setting on the diseased plants were rare and the fruits, if 
present, were very small sized. 
Younger plants were found to be more susceptible than 
the older ones. The increase in the incidence of disease from 
seedling stage to flowering stage was about 60 per cent. 
4.2 TRANSMISSION 
4.2.1 Sap 
The virus causing necrotic mosaic disease of brinjal, 
and designated as brinjal necrotic mosaic virus (BNMV), was 
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readily transmitted by sap prepared in 0.1 M phosphate buffer 
pH 7.0 from brinjal to brinjal and several other susceptible 
hosts (Section 4.3). The transmission of disease was 100 per 
cent by sap inoculation using carborundum pre-dusted on the upper 
surface of 2-3 basal leaves of healthy plants. However, in sub-
sequent studies, the infected brinjal leaves were macerated in 
0.1 M phosphate buffer pH 8.0 (1:2, W/V), and the sap, thus 
obtained served as standard inoculum (SI). 
4.2.2 Aphlds 
Three species of aphids. Aphis gossypii Glov., Brevicoryne 
brassicae L. and Myzus persicae Sulz., were tried to transmit 
BNMV. They were allowed to acquire and transmit the virus in 
a persistent and non-persistent manner, but none of them 
succeeded to evoke any symptom on healthy plants. The transmi-
ssion tests were carried out using brinjal as a donor as well 
as recipient host in all the combinations, and ten aphids per 
plant were invariably tried in the study. 
4.2.3 Whiteflies 
Whitefly, Bemisia tabaci Gen., failed to transmit BNMV 
even after increasing the number of insects per plant upto 20. 
None of the healthy brinjal plants, to which the white-
flies from necrotic mosaic-diseased brinjal plant were trans-
ferred, showed any symptom 30 days after the inoculation access 
period. 
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4.2.4 Dodder 
Cuscuta chinensis Lam. and C. reflexa Roxb., two species 
of dodder commonly occurring in and around Aligarh Distt., were 
tried to transmit BNMV from infected to healthy brinjal plants, 
but none of them succeeded to evoke any symptom on healthy plants, 
even after two months of establishment of dodder on plants. On 
back inoculation tests, the virus could not be recovered from 
dodder-inoculated plants. Thus, it appeared that BNMV was not 
transmitted by dodder, but the generalization could not be made 
regarding the transmission of BNMV by dodder because only two 
species of dodder were tried. 
4.2.5 Soil 
Twenty seedlings each of five cultivars of brinjal, viz. 
BR-112, Banaras Giant White, Pusa Kranti, Pusa Purple Cluster 
and Pusa Purple Long; Nicotiana sylvestris, N. tabacum cvs. CTRI 
Special, GT-4 and NC-95; and tomato cv. Pusa Ruby, all suscep-
tible to BNMV, were transplanted in soil collected from and 
around the BNMV-infected plants. These plants did not show any 
external symptom, even after six weeks of transplantation. Back 
inoculation tests carried out on local lesion host. Datura 
stramonium, using the sap prepared from randomly selected five 
plants of each group, also indicated the absence of virus in 
these plants. Thus, it appeared that BNMV was not transmitted 
through soil. 
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4.2.6 Seeds 
Brinjal cultivars BR-112, Banaras Giant White, Pusa Kranti, 
Pusa Purple Cluster and Pusa Purple Long; Nicotiana sylvestris, 
N. tabacum cvs. CTRI Special, GT-4, NC-95, Samsun and Xanthi; 
and tomato cv. Pusa Ruby plants were raised using seeds collected 
from the BNMV-infected plants of same species and cultivars. 
These plants did not show any apparent symptom when grown under 
insect-proof glasshouse conditions in sterilized soil. Random 
selection of ten plants of each species and cultivars not showing 
any apparent symptom was made and sap prepared from them was 
tested for the presence of virus on assay host, but the virus 
could not be recovered in any of the above plants grown from 
the seeds of infected plants. Thus, it appeared that BNMV was 
not transmitted through seeds. 
4.3 HOST RANGE AND SYMPTOMATOLOGY 
To investigate the experimental host range of brinjal 
necrotic mosaic virus (BNMV), various species and cultivars of 
plants belonging to different families were inoculated mechani-
cally using the sap prepared in 0.1 M phosphate buffer pH 8.0 
from infected leaves of brinjal, Solanum melongena cv. BR-112. 
Back inoculations from all inoculated plants, including those 
which did not show any visible symptom, were made on Datura 
stramonium, local lesion host of BNMV, to check the presence 
of virus in them and to ascertain whether any of these plants 
is a symptomless carrier of the virus. 
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Following plants developed symptoms as described below 
and the virus was recovered on back inoculation except where 
stated otherwise. 
Family : AMARANTHACEAE 
Amaranthus spinosus L. : Systemic symptoms appeared one week 
after inoculation in the form of mild mosaic on the newly emerg-
ing leaves. 
A. tricolor L. : Systemic symptoms were observed in the form 
of veinal necrosis on the newly emerging leaves after 5-7 days 
of inoculation. Necrosis was more prominent on midrib than other 
veins (Fig. 3.7). At later stage of infection, the leaves showed 
wilting due to severe necrosis and most of the plants died before 
blooming. 
Qomphrena globosa L. cv. Choice Mixed and Purple : After 8-10 
days of inoculation, necrotic local lesions developed on inocula-
ted leaves (Fig. 3.8a). Systemic infection also appeared two 
weeks after inoculation in the form of vein<:learing on the newly 
emerging leaves followed by light and dark green patches 
(Fig. 3.8 b). Reduction in leaf size and general retardation 
in plant growth were also observed. 
Family : ASTERACEAE 
Centaurea imperialis L. cv. Suttons Giant Mauve : Inoculated 
plants showed systemic symptoms after 10 days of inoculation 
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in the form of downward curling of leaves, reduction in lamina 
and retardation in growth of the plants. 
Cosmos bipinnatus Cav. cv. Double Mixed : Systemic symptoms 
appeared after one week of inoculation in the form of downward 
rolling of leaves, reduction in lamina and overall stunting 
of plants (Fig. 3.6). 
Family : CHENOPODIACEAE 
Chenopodium guinea Wild.: Necrotic local lesions appeared 
on inoculated leaves after 6-7 days of inoculation (Fig. 3.9a). 
The lesions increased in diameter, and the vein-clearing 
followed by yellowing of leaves was prominent on the same 
inoculated leaves after 10-12 days of inoculation, and finally 
these inoculated leaves were shed down,(Fig. 3.9b). 
Spinacia oleracea L. cv. Pusa Jyoti : Systemic symptoms 
appeared on the newly emerging leaves after one week of inocu-
lation in the form of vein-clearing followed by crinking of 
leaves, and reduction in growth of the plants was also observed 
(Fig. 4.0). 
Family : FABACEAE 
Vigna sinensis Endl. ex Hassk. cv. Long Yard and Russian: After 
5-6 days of inoculation, chlorotic spots appeared on inoculated 
leaves (Fig. 4.1). No systemic symptoms were observed till 
2 months after inoculation. 
84 
Family : MALVACEAE 
Abelmoschus esculentus (L.) Moench cv. Pusa Sawani : On 
inoculated leaves of plant, local chlorotic spots developed 
after 5-6 days of inoculation (Fig. 4.2). However, the virus 
was not recovered on back inoculations to test plant. No 
systemic symptoms were observed on the newly emerging leaves 
till 2 months after inoculation. 
Family : SCROPHULARIACEAE 
Torenia fournieri Lind. : Systemic symptoms developed in the 
form of curling of leaves, reduction in leaf lamina and over-
all stunting of the plants. 
Family : SOLANACEAE 
Capsicum annuum L. cv. Pusa Jwala : Mild chlorotic mosaic 
symptoms were observed on the newly emerging leaves after 6-8 
days of inoculation (Fig. 1.8). Over-all stunting of plants 
was also observed. 
Datura stramonium L. : Inoculated leaves developed necrotic 
local lesions after 5-6 days of inoculation. After 10 days 
of inoculation, the lesions increased in size and coalesced. 
Finally the inoculated leaves were shed down (Fig. 1.9). 
Systemic infection in the form of vein-clearing followed by 
mild mosaic were observed on the newly emerging leaves. 
D. metel L. : Large necrotic spots occurred on inoculated 
leaves after 4-5 days of inoculation. The inoculated leaves 
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were completely damaged and then shed down after 8-10 days 
of inoculation. Most of the plants developed apical necrosis 
and died after 2 weeks of inoculation. 
Lycopersicon esculentum Mill. :TheFollowing cultivars were sus-
ceptible to the virus infection. 
cv. Pusa Ruby 
cv. Suttons Best of All 
cv. Suttons Roma 
Systemic symptoms appeared after 5.8 days of inoculation 
on the newly emerging leaves in the form of vein-clearing 
followed by mosaic (Fig. 2.0). Over-all stunting of the plants 
was also recorded. Although the symptoms appeared were of 
mosaic type in each cultivar mentioned-above but their severity 
were different. 
Nicotiana benthamiana Domin : Symptoms appearing on the newly 
emerging leaves were of mild mosaic type which developed after 
6-7 days of inoculation. 
N. clevelandii Gray : Systemic infection occurred after 7-8 
days of inoculation on the newly emerging leaves in the form 
of vein-clearing followed by mosaic. 
N. glutinosa L.: After 3-4 days of inoculation, local necrotic 
lesions developed on inoculated leaves which, at advanced stage, 
were surrounded by brown and necrotic haloes (Fig. 2.1a). The 
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necrosis spread faster around the lesions and coalesced. At 
very advanced stage of infection, the leaves were completely 
damaged and shed down. Systemic symptoms in the form of vein-
clearing on the newly emerging leaves followed by mosaic 
mottling appeared after 8-10 days of inoculation (Fig. 2.1b) 
During summer when the temperature reached upto 32±2°C, most 
of the plants died due to the severe necrosis. The wilting of 
plants due to necrosis started from top to bottom of the plants. 
N. megalosiphon Heurek & Mueller : Systemic infection appeared 
on the newly emerging leaves in the form of vein-clearing 
followed by light and dark green areas. At advanced stage of 
infection, malformation of leaves and retardation in growth 
of the plants were also observed (Fig. 2.2). 
N. occidentalis Wheeler : After one week of inoculation, inocu-
lated plants developed systemic infection in the form of mosaic 
mottling followed by reduction in leaf lamina and retardation 
in growth of the plants. At later stage of infection, the plants 
showed rosette-like appearance due to severe reduction in leaf 
lamina and retardation in growth (Fig. 2.3). 
N. sylvestris speg. & Comes : Systemic symptoms appeared after 
6-7 days of inoculation on the newly emerging leaves in the 
form of vein-clearing followed by light and dark green areas, 
and then green vein-banding (Fig. 2.5a). At later stage of 
infection, the new leaves emerged with various stages of reduc-
tion in lamina and were misshappen (Fig. 2.5b). 
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N. tabacum L. cv. Anand-2 : After one week of inoculation, 
inoculated plants developed systemic symptoms on the newly 
emerging leaves in the form of vein-clearing followed by mosaic 
mottling. Reduction in leaf size was also observed (Fig. 2.6). 
N. tabacum L. cv. Bhopali Pakra : Systemic symptoms appeared 
on the newly emerging leaves in the form of vein-clearing 
followed by light and dark green areas after 6-8 days of inocu-
lation. White necrotic points intermingled with mosaic symptoms 
were seen at later stage of symptom development. Reduction in 
leaf size and over-all stunting of plants were also observed 
(Fig. 2.7). 
N. tabacum L. cv. CTRI Special : Inoculated plants developed 
systemic symptoms consisting of light and dark green mosaic 
on the newly emerging leaves after 8-10 days of inoculation. 
Infected leaves were smaller in size, misshappen and deformed 
in comparison to healthy ones (Fig. 2.9a). At later stage, 
blister-like appearance and severe malformation, particularly 
at margin, and pale green colour of leaves were observed 
(Fig. 2.9b). 
N- tabacum L. cv. DR-1 : After 7-8 days of inoculation, 
systemic symptoms developed on the newly emerging leaves in 
the form of vein-clearing followed by mosaic mottling 
(Fig. 2.8). Reduction in leaf size and stunting of the plants 
were also observed. 
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N. tabacum L. cv. GT-4 : After one week of inoculation,systemic 
symptoms started as vein-clearing followed by prominent mosaic 
symptoms on the newly emerging leaves. Malformation and reduc-
tion in size of the leaves were also observed (Fig. 3.0). 
N. tabacum L. cv. Harrison's Special : Appearance of mosaic 
symptoms was recorded on the newly emerging leaves after 8-10 
days of inoculation. 
N. tabacum L. cv. Lime Green : Systemic symptoms developed 
after one week of inoculation on the newly emerging leaves in 
the form of prominent vein-clearing followed by yellow mosaic. 
Over-all colour of leaves except veins was yellow (Fig. 3.1). 
N. tabacum L. cv. NC-95 : Inoculated plants showed light and 
dark green mosaic symptoms on the newly emerging leaves after 
10 days of inoculation. The infected leaves exhibited various 
degrees of reduction in lamina and were misshappen (Fig. 3.2). 
N. tabacum L. cv. Samsun : After 6-7 days of inoculation, 
systemic symptoms appeared on the newly emerging leaves in the 
form of vein-clearing followed by mosaic and deformation of 
leaves (Fig. 3.3a). Systemic stem necrosis was also observed 
after 15 days of inoculation (Fig. 3.3b). 
N. tabacum L. cv. White Burley KY-21 : Local necrotic lesions 
developed on inoculated leaves after 6 days of inoculation 
(Fig. 3.4a). Systemic symptoms in the form of vein-clearing 
followed by light and dark green patches were also observed 
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on the newly emerging leaves after 10-12 days of inoculation 
(Fig. 3.4b). 
N. tabacum L. cv. Xanthi : Systemic symptoms in the form of 
mosaic mottling appeared on the newly emerging leaves after 
7-8 days of inoculation (Fig. 2.4). 
Physalis floridana Rydb. : After 8-10 days of inoculation, 
systemic symptoms appeared on the newly emerging leaves in the 
form of vein-clearing followed by mosaic and reduction in size 
of the leaves (Fig. 3.5). 
SolanTim melongena L.: The Following cultivars responded to the 
virus infection. 
cv. Banaras Giant White 
cv. Black Beauty 
cv. BR-112 
cv. Manjri Gota 
cv. Nurki Baigan 
cv. Pusa Kranti 
cv. Pusa Purple Cluster 
cv. Pusa Purple Long 
Systemic symptoms appeared after 7-8 days of inoculation 
on the newly emerging leaves in the form of vein-clearing 
followed by mosaic mottling. Although the type and pattern of 
appearance of the symptoms were the same in all. cultivars 
mentioned-above, but the severity of symptoms varied 
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with cultivars. In case of cvs. Banaras Giant White, Pusa 
Kranti, Pusa Purple Cluster and Pusa Purple Long, the leaves 
became deformed and white necrotic patches of damaged tissues 
were observed on the leaves due to more severity of the 
symptoms (Fig. 1.2, 1.3, 1.5 and 1.7), while in case of cv. 
BR-112, the brown necrotic patches were intermingled with 
mosaic symptoms and the colour of leaves turned to pale green 
at advanced stage of the symptom development (Fig. 1.1a & b). 
In all cultivars, the deformation of leaves and the reduction 
in growth of the plants were noticed. 
Petunia hybrida Hort. ex Vilm. cv. Multiflora : Systemic 
symptoms started as vein-clearing within 5-6 days of inocula-
tion followed by light and dark green mosaic. 
In addition to the plants showing visible symptoms 
(local/systemic or both), the following plant species and 
cultivars were also found susceptible to the virus (BNMV). 
Although these plants did not show any visible symptom, but 
were infected systemically as virus could be recovered from 
them on back inoculation of D. stramonium. Therefore, these 
plants are symptomless carriers of BNMV. 
Nicotiana rustica L. 
Solanum melongena L. cv. Baromasia 
cv. Long Black 
cv. Pusa Purple Round 
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Spinacia oleracea L. cv. Palang Sag 
No symptoms (local/systemic) were evoked and no virus 
could be recovered on back inoculation to D. stramonium from 
following plant species and cultivars. These plants were 
kept under observation for 2 months after inoculation. 
Family : ACANTHACEAE 
Peristrophe bicalyculata Nees. 
Ruellia tuberosa L. 
Family : AMARANTHACEAE 
Achyranthes aspera L. 
Amaranthus caudatus L. cv. Love-lies-bleeding 
A. viridis L. 
Celosia cristata L. cv. Dwarf Mixed 
cv. Jewel Box Mixed 
cv. Suttons Superb Mixed 
cv. Tall Mixed 
Family : APIACEAE 
Ammi majus L. 
Anethum graveolens L. 
Apium graveolens L. 
Coriandrum sativum L. 
Daucus carota L. cv. Pusa Kesar 
Foeniculum vulgare Mill. 
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Family : APOCYANACEAE 
Catharanthus roseus (L.) G. Don cv. Pure White 
cv. Rose Pink 
Family : ASTERACEAE 
Acroclinium roseum (Benth.) Hook. cv. Suttons Special Mixture 
Ageratum maxicanum Sims cv. Blue Mink 
Tripolium longicaule (L.) Duf. cv. Californian Giant Mixed 
cv. Suttons Princess Mixed 
Bellis perennis L 
Brachycome iberidifolia Benth. 
Calendula officinalis L. cv. Orange Coronet 
cv. Suttons Art Shades 
cv. Suttons Lemon Queen 
cv. Suttons Orange King 
Chrysanthemum carinatum Schousb. 
C. coccineum Willd. 
C. morifolium Ramat. cv. Annual Mixed 
Dahlia pinnata Cav. cv. Dwarf Border Mixed 
cv. Dwarf Double Redskin 
Dinvorphotheca a u r a n t i a c a DC. 
Lactuca sativa L. 
Launaea aspleniifolia Hook. 
Sonchus asper Hill 
Tagetes erecta L. 
Vernonia cinerea Less. 
Zinnia elegans Jacq. 
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Family : AIZOACEAE 
Tetragonia expansa Murr. 
Trianthema portulacastrum L. 
Family : BALSAMINACEAE 
Impatiens balsamina L. cv. Bush Flowered Mixed 
cv. Camellia Flowered Mixed 
cv. Rose flowered Crimson 
cv. Rose Flowered Mixed 
cv. Rose Flowered Scarlet 
cv. Rose Flowered Violet 
cv. Rose Flowered White 
Family : BEGONIACEAE 
Begonia crenata Dryand 
Family : BORAGINACEAE 
Cordia obliqua Willd. 
Family : BRASSICACEAE 
Brassica campestris L. 
B. oleracea L. var. botrytis cv. Early of India 
cv. Maincrop Banaras 
cv. Pusa Snowball 
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B. oleracea L. var. capitata cv. Glory 
cv. Large Blood Red 
cv. Pride of India 
cv. Buttons Eclipse Drumhead 
B. rapa L. cv. Pusa Swarnima 
cv. Buttons Early Snowball 
Iberis amara L. cv. Buttons Improved White Spiral 
Nasturtium officinale R. Br. 
Raphanus sativus L. cv. Pusa Himani 
cv. Pusa Rashmi 
Family : CARICACEAE 
Carica papaya L. cv. Honeydew 
Family : CARYOPHYLLACEAE 
Dianthus barbatus L. 
D. caryophyllus L. 
_P. sinensis Link 
Family : CHENOPODIACEAE 
Beta vulgaris L. cv. Suttons Globe 
Chenopodium album L. 
C. amaranticolor Coste & Reyn. 
C. murale L. 
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Family : CONVOLVULACEAE 
Convolvulus major Hort. ex Nichols 
Family : CUCURBITACEAE 
Citrullus vulgaris Schard. var. fistulosus 
cv. Ludhiana Special 
Coccinia indica Wight & Arn. 
Cucumis melo L. 
C. sativus L. 
Cucurbita maxima Duch. 
C. pepo L. 
Lagenaria siceraria Standi. 
L. vulgaris Ser. 
Luffa cylindrica M. Roem. 
Momordica charantia L. 
Trichosanthes anguina L. 
Family : FABACEAE 
Arachis hypogaea L. 
Cajanus cajan (L.) Druce 
Cicer arietinum L. 
Cyamopsis tetragonolobus Taub. 
Dolichos lablab L. cv. Sheem Mixed 
Glycine max Merr. 
Lathyrus odoratus L. 
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Medicago falcata L. 
Melilotus indica All. 
Phaseolus lunatus L. cv. Improved Black Seeded 
cv. Pusa Barsati 
cv. Red Speckled 
Pisum sativum L. cv. Bouneville 
cv. Early Wonder 
cv. Suttons Show Perfection 
Trigonella foenum-graecum L. 
Vicia faba L. 
Family : LAMIACEAE 
Salvia coccinea Juss. ex Murr. cv. White Dove 
^. officinalis L. 
^. splendens Ker-Gawl. cv. Royal Mountie 
Family : MALVACEAE 
Althaea rosea Cav. 
Clitoria ternatea L. cv. Double 
Sida cordifolia L. 
Family : PAPAVERACEAE 
Eschscholtzia californica Cham. cv. Ivory White 
Papaver somniferum L. 
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Family : POACEAE 
Oryza sativa L. 
Triticum aestivum L. 
Zea mays L. 
Family : POLEMONIACEAE 
Phlox drummondii Hook. 
cv. Buttons Large Flowered (Pure White) 
Family : POLYGONACEAE 
ABtigonon leptop-us Hook. & Arn. cv. Deep Carmine 
Family : PORTULACEAE 
Portulaca oleracea L. cv. Double Mixed 
Family : SCROPHULARIACEAE 
Antirrhinum majus L. 
Family : SOLANACEAE 
Capsicum pendulum Willd. 
Nicotiana affinis Hort. 
N. debneyi Domin 
N. fragrans Hook. 
N. tabacum L. cv. Sensation Mixed 
Physalis peruviana L. 
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Solanum melongena L. cv. Improved Muktakeshi 
cv. Long White Cluster 
cv. Round White 
Family : VERBENACEAE 
Verbena hybrida Hort. ex Vilm. 
Family : VIOLACEAE 
Viola tricolor L. 
4.4 PROPERTIES OF THE VIRUS (BNMV) IN PLANT SAP 
It is desirable to study the properties of a virus 
in crude sap before any work on its physio-chemical nature 
is undertaken. These studies give an idea about the stability, 
concentration and other limitation of the virus in the plant 
sap, and provide informations about the best environment in 
which to keep the virus and maintain its infectivity. Although 
these studies have restricted value but they are of greater 
importance in determining the procedure for purification of 
the virus and are helpful in its characterization. 
4.4.1 Bio-physical properties 
Studies on bio-physical properties were carried out 
using brinjal, Solanum melongena cv. BR-112 as donor host 
and Datura stramonium as test plant of the virus (BNMV). Sap 
was prepared by grinding the BNMV-infected brinjal leaves 
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with the help of mortar and pestle, and press the macerate 
through two-layered cheesecloth. 
4.4.1.1 Dilution end-point (PEP) 
In the three experiments performed, the virus in crude 
-5 
sap was found to be still xnfectious after a dilution of 10 
but no local lesions were observed when the sap was diluted 
— fi 
to 10 (Table 1.0). Therefore, the dilution end-point (DEP) 
-5 -6 
of the virus lies between 10 and 10 
TABLE 1.0: Effect of dilution of sap on the infectivity of 
the virus (BNMV) 
Dilution Number of local lesions/leaf 
Undiluted (control) 
•1 10 
10 
10 
10 
-2 
-3 
-4 
10" 
10 
10 
-6 
-7 
189 
122 
63 
23 
08 
02 
00 
00 
*Average number of local lesions/leaf based on 3 experiments 
with 5 plants of D. stramonium having 6 leaves each. 
4.4.1.2 Thermal inactivation point (TIP) 
The virus in crude sap was found to be still infectious 
after being heated for 10 min at 85°C, but it was inactivated 
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at 90°C (Table 1.1). Therefore, the thermal inactivation point 
(TIP) of BNMV is between 85°C and 90 °C. 
TABLE 1.1: Effect of temperature on the stability of virus 
(BNMV) in sap 
* 
Temperature (°C) Number of local lesions/leaf 
Room temperature (20±5''C) 198 
40 179 
45 157 
50 122 
55 94 
60 68 
65 41 
70 24 
75 11 
80 05 
85 02 
90 00 
•Average number of local lesions/leaf based on 3 experiments 
with 5 plants of D. stramonium having 6 leaves each. 
4.4.1.3 Longevity in vitro (LIV) 
In all sets of experiments performed for determining 
the longevity _in vitro, the virus was found to be infec-
tious for a long period (Table 1.2, 1.3 and 1.4). 
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TABLE 1.2: Effect of storage on infectious sap at room 
temperature (20±5°C) 
* 
Storage (Hours) Number of local lesions/leaf 
Immediately after extraction 237 
12 232 
24 230 
36 227 
48 220 
60 213 
72 209 
84 204 
96 199 
108 197 
120 192 
132 188 
144 184 
156 181 
168 177 
180 173 
192 170 
204 166 
216 162 
228 159 
240 157 
•Average number of local lesions/leaf based on 3 experiments 
with 5 plants of D. stramonium having 6 leaves each. 
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TABLE 1.3: Effect of storage on infectious sap at 4°C 
Storage (Days) Number of local lesions/leaf 
Immediately after extraction 
2 
4 
6 
8 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
225 
221 
219 
216 
212 
209 
208 
204 
197 
192 
188 
185 
179 
171 
165 
161 
•Average number of local lesions/leaf based on 3 experiments 
with 5 plants of D. stramonium having 6 leaves each. 
103 
TABLE 1.4: Effect of lyophilization (Freeze-drying) on the 
infectivity of the virus (BNMV) 
* 
Storage (Days) Number of local lesions/leaf 
Immediately after Lyophilization 219 
20 217 
30 212 
40 210 
50 206 
55 201 
60 197 
65 195 
70 191 
75 186 
80 182 
85 179 
90 175 
95 170 
100 167 
105 164 
110 160 
115 156 
120 153 
•Average number of local lesions/leaf based on 3 experiments 
with 5 plants of D, stramonium having 6 leaves each. 
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The virus in crude sap remained infective after a period 
of 240 hr or 10 days at room temperature (20±5°C) and 20 days 
at 4°C; and in lyophilized (freeze-dried) leaves, the virus was 
still infective after a period of 120 days or 4 months. However, 
the virus infectivity was reduced by 33.8 per cent at room 
temperature (20±5°C), 28.4 per cent at 4°C and 30.1 per cent 
in lyophilized leaves after a period of 10 days, 20 days and 
4 months, respectively. 
4.5 PURIFICATION 
4.5.1 Concentration of the virus (BNMV) in brinjal, S. melongena 
cv. BR-112 plants at different days after inoculation 
Infectivity assay of leaves harvested at different time 
intervals after mechanical inoculation showed (Table 1.5) that 
TABLE 1.5: Concentration of BNMV in brinjal at different days 
after inoculation 
Days after Number of local Per cent relative 
inoculation lesions/leaf* infectivity 
2 00 00 
4 23 10.7 
6 86 40.1 
8 161 75.2 
10 214 100.0 
12 205 95.8 
14 196 91.6 
16 191 89.3 
18 186 86.9 
•Average number of local lesions/leaf based on 3 experiments 
with 5 plants of D. stramonium having 6 leaves each. 
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the virus attained its maximum concentration in plant after 10 
days of inoculation. At this time the plants exhibited mosaic 
symptoms on the newly emerging leaves. The concentration of virus 
gradually reduced as the necrotic symptoms appeared on the leaves 
showing mosaic symptoms. 
4.5.2 Concentration of the virus (BNMV) in different parts of 
brinjal plants after 10 days of inoculation 
The results presented in Table 1.6 reveal that the virus 
concentration was maximum in leaf tissues followed by stem and 
root. 
TABLE 1.6: Concentration of BNMV in different parts of brinjal 
plants after 10 days of inoculation 
Part of plant Number of local Per cent relative 
lesions/leaf* infectivity 
Leaf 194 100.0 
Stem 37 19.1 
Root 07 3.6 
•Average number of local lesions/leaf based on 3 experiments 
with 5 plants of D. stramonium having 6 leaves each. 
4.5.3 Selection of local lesion host 
Chenopodium guinea, Datura stramonium, Gomphrena globosa, 
Nicotiana glutinosa and N. tabacum cv. White Burley KY-21, five 
local lesion hosts of brinjal necrotic mosaic virus (BNMV), were 
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compared to select the most suitable one. All these hosts were 
inoculated with the inoculum prepared from BNMV-infected brinjal 
plants and local lesions were counted when appeared on the 
inoculated leaves (Table 1.7). 
TABLE 1.7: Number of local lesions on different local lesion 
hosts of BNMV 
* 
Local lesion host Number of local lesions/leaf 
Chenopodium guinea 34 
Datura stramonium 179 
Gomphrena globosa 22 
Nicotiana glutinosa 85 
N. tabacum cv. White Burley KY-21 218 
*Average number of local lesions/leaf based on 3 experiments 
with 5 plants having 6 leaves each. 
On the basis of number of local lesion formed on 
the leaf, as shown in Table 1.7, Datura stramonium and Nicotiana 
tabacum cv. White Burley KY-21, were found to be 
good local lesion hosts. Although the maximum number of local 
lesions was observed on N. tabacum cv. White Burley KY-21, 
but D. stramonium was preferred over N. tabacum cv. White 
Burley KY-21 as a suitable local lesion host because the leaves of 
N. tabacum cv. White Burley KY-21 were not of equal size; while 
they were nearly equal in case of D. stramonium. Besides this. 
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due to larger size of the leaves of N. tabacum cv. White Burely 
KY-21 there was the need of a greater amount of inoculum. 
Therefore, to minimize the need of inoculum and to get the 
ideal size of the leaves of equal leaf area, D. stramonium 
was chosen as a suitable local lesion host. 
4.5.4 Standardization of extraction medium 
4.5.4.1 Effect of buffers 
Effect of acetate, borate, citrate and phosphate buffers 
at different pH values was compared for extraction of virus 
(BNMV) from infected leaves of brinjal. Partially clarified 
extract obtained after low speed centrifugation (6,000 rpm 
for 10 min) was assayed on D. stramonium for comparison of 
the virus infectivity (Table 1.8 and Fig. 4.3). 
It is evident from Table 1.8 and Fig. 4.3 that the 
maximum infectivity was found with phosphate buffer 
pH 8.0. 
4.5.4.2 Effect of molarity 
For determining the effect of molarity on virus (BNMV) 
infectivity, the extracts were prepared by triturating the 
BNMV-infected leaves of brinjal in phosphate buffer pH 8.0 
of different molarities, separately. The samples after a low 
speed centrifugation (6,000 rpm for 10 min) were assayed on 
D. stramonium for comparison of the virus infectivity 
(Table 1.9). 
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TABLE 1.8: Effect of various buffers at different pH levels 
on the infectivity of virus (BNMV) 
Buffers pH Number of local 
lesions/leaf* 
O.IM Acetate 4.5 12 
5.0 15 
5.5 17 
6.0 18 
6.5 14 
0.IM Borate 7.0 25 
7.5 43 
8.0 87 
8.5 51 
9.0 42 
O.IM Citrate 4.0 38 
4.5 56 
5.0 75 
5.5 92 
6.0 48 
6.5 27 
O.IM Phosphate 5.0 51 
5.5 69 
6.0 92 
6.5 117 
7.0 139 
7.5 158 
8.0 179 
8.5 133 
•Average number of local lesions/leaf based on 3 experiments 
with 5 plants of D. stramonium having 6 leaves each. 
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Fig. 4.3: Effect of various buffers at different pH values 
on the infectivity of brinjal necrotic mosaic 
virus (BNMV) 
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TABLE 1.9: Effect of molarity of phosphate buffer pH 8.0 on 
the infectivity of virus (BNMV) 
Molarity Number of local Per cent relative 
lesions/leaf* infectivity 
0.001 M 59 38.6 
0.01 M 108 70.6 
0.1 M 153 100.0 
0.2 M 141 92.2 
0.5 M 123 80.4 
1.0 M 89 58.2 
1.5 M 67 43.8 
2.0 M 52 34.0 
•Average number of local lesions/leaf based on 3 experiments 
with 5 plants of D. stramonium having 6 leaves, each. 
It is clear from Table 1.9 that the extraction of 
infected leaves in O.IM phosphate buffer pH 8.0 gave the highest 
infectivity. 
4.5.4.3 Effect of additives on the infectivity of virus (BNMV) 
To evaluate the effect of different additives on the 
infectivity of virus, sodium sulphite, ethylenediamine tetra-
cetic acid (EDTA) and thioglycollic acid were added, separately 
or in different combination in phosphate buffer (O.IM, pH 8.0). 
Such buffer was then used during the maceration of infected 
brinjal leaf tissues (1:2 W/V). Extract prepared in phosphate 
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buffer (O.IM, pH 8.0) without any additive served as control. 
TABLE 2.0: Effect of additives on the infectivity of virus 
(BNMV) 
Number of local lessions/half-leaf 
Additives 
Control Treated 
Per cent 
increase in 
infectivity 
31. 
10. 
23. 
17. 
38. 
13. 
29. 
5 
5 
8 
6 
.3 
,5 
5 
A 
B 
C 
A+B 
A+C 
B+C 
A+B+C 
92 
86 
101 
74 
94 
104 
78 
121 
95 
125 
87 
130 
118 
101 
*Average number of local lesions/half-leaf based on 3 experiments 
with 5 plants of D. stramonium having 6 leaves each. 
A - Sodium sulphite (0.1%) 
B - Ethylenediamine tetracetic acid (EDTA) (O.IM) 
C - Thioglycollic acid (0.1%) 
Results presented in Table 2.0 indicate that combi-
nation of sodium sulphite (0.1%) and thioglycollic acid (0.1%) 
increased the infectivity of virus by 38.3 per cent when mixed 
with O.IM phosphate buffer pH 8.0 for the extraction of virus. 
Therefore, these additives were always mixed with O.IM phosphate 
buffer pH 8.0 for the extraction of virus and this extraction 
buffer (EB) was used for preparation of standard inoculum (SI) 
in all subsequent studies. 
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4.5.5 Clarification of crude sap 
To obtain the clarified extract of BNMV-infected leaves 
of brinjal, different methods were applied to remove the extra-
neous green plant material from the crude sap of infected leaves. 
4.5.5.1 By adsorbent 
Attempts were made to clarify the crude sap of BNMV 
infected leaves of brinjal by the addition of hydrated calcium 
phosphate (HCP) ^ situ. After three treatments of HCP it was 
observed that the green host plant material was not completely 
removed from the extract. The extract obtained after each 
treatment was assayed on D. stramonium for comparison of virus 
infectivity. Extract prepared in O.lM phosphate buffer pH 8.0 
served as control. 
TABLE 2.1: Relative infectivity of the virus (BNMV) after each 
treatment of HCP 
Treatment Number of local Per cent relative lesions/leaf* infectivity 
Crude sap 183 100.0 
HCP treatment I 169 91.8 
HCP treatment II 148 80.8 
HCP treatment III 121 66.1 
*Average number of local lesions/leaf based on 3 experiments 
with 5 plants of D. stramonium having 6 leaves each. 
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Results presented in Table 2.1 indicate that the virus 
infectivity was gradually reduced after each treatment of HCP. 
Thus, this method was not found suitable for clarification 
of crude sap of virus infected leaves. 
4.5.5.2 By organic solvents 
With a view for possible use in purification procedure, 
the effect of some organic solvents on the infectivity of virus 
(BNMV) was studied. 
Sap extracted from infected brinjal leaves in EB (O.IM 
phosphate buffer pH 8.0 containing 0.1% sodium sulphite and 
0.1% thioglycollic acid) was mixed with butanol, carbon tetra-
chloride and chloroform, either alone or in different combina-
tions, and incubated for 30 minutes at 4°C (in refrigerator). 
After low speed centrifugation (6,000 rpm for 10 min), the 
aqueous layer was separated and assayed on D. stramonium. Sap 
extracted from infected leaves in EB only was used as control 
during half-leaf assay method. 
It is evident from Table 2.2 and Fig.4.4 that chloroform 
and carbon tetrachloride, both alone had practically no 
deleterious effect on the infectivity of virus, while butanol 
alone or in combination with carbon tetrachloride, as well 
as with chloroform proved deleterious. Butanol alone was most 
damaging, while equal mixture of carbon tetrachloride and 
chloroform had moderate effect on the infectivity of virus. 
Although carbon tetrachloride and chloroform, both alone were 
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TABLE 2.2: Effect of some organic solvents on the infectivity 
of the virus (BNMV) 
Solvent 
Final percentage Number of local Percentage 
of organic 
solvents 
(V/V) 
lesions/ 
half-leaf* 
loss in 
infectivity 
Control Treated 
Butanol 
Carbon 
tetrachloride 
Chloroform 
20 
20 
Butanol+Carbon 20 
tetrachloride (1:1) 
86 
79 
93 
07 
12 
73 
88 
28 
8 6 . 0 
7 . 6 
5 . 4 
7 3 . 8 
Butanol+Chloroform 20 
(1:1) 
81 26 67.9 
Carbon 
tetrachloride 
+Chloroform (1:1) 
20 98 79 19.4 
*Average number of local lesions/half-leaf based on 3 experiments 
with 5 D. stramonium plants having 6 leaves each. 
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found to be more effective as far as the infectivity of the 
virus is concerned, but the light green colour was observed 
in the extract clarified with carbon tetrachloride. Therefore, 
chloroform (20%) was preferred over carbon tetrachloride and 
used routinely for clarification. 
4.5.6 Precipitation of virus (BNMV) with polyethylene glycol 
(PEG 6,000 MW) 
Polyethylene glycol (PEG 6,000 MW) at different concent-
rations (2,4,6,8 and 10 per cent) was added with or without 
NaCl (1 and 2 per cent) to clarified preparation of virus 
obtained after treatment of crude sap with 20% chloroform and 
low speed centrifugation (6,000 rpm for 10 min). The precipitate 
obtained after stirring and centrifugation (12,000 rpm for 
20 min) was suspended in EB and again centrifuged at 6,000 
rpm for 10 min. The supernatant, thus obtained was diluted 
with EB to its original volume and inoculated on half-leaves 
of JD. stramonium, the other halves were inoculated with clari-
fied preparation of virus for comparison of virus infectivity. 
The results presented in Table 2.3 and Fig. 4.5 indicate 
that all the virus was not precipitated by PEG 6,000 (2,4,6,8 
and 10 per cent) with or without NaCl (1 and 2 per cent). 
However, the maximum precipitation was observed with 8 
per cent PEG with NaCl (1%). PEG with 1 per cent NaCl was more 
effective than with 2 per cent NaCl. Thus, the higher concent-
ration of NaCl seems to have deleterious effect on virus 
infectivity. 
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TABLE 2.3: Effect of PEG 6,000 and NaCl on the precipitation 
of virus (BNMV) from clarified extract 
Number of local lesions/ Percentage loss 
half-leaf* of infectivity 
93.3 
85.7 
88.2 
65.7 
50.5 
58.3 
55.2 
46.8 
51.4 
48.5 
38.0 
39.8 
82.1 
69.3 
73.1 
*Average number of local lesions/half-leaf based on 3 experiments 
with 5 plants of D. stramonium having 6 leaves each. 
PEG 
(% W/V) 
2 
2 
2 
4 
4 
4 
6 
6 
6 
8 
8 
8 
10 
10 
10 
NaCl 
(% W/V) 
-
1 
2 
-
1 
2 
-
1 
2 
-
1 
2 
-
1 
2 
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89 
98 
93 
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4.6 PURIFICATION PROCEDURE 
Several procedures were applied for the purification of 
the present virus isolate (BNMV), but the results of two procedures 
which were found most suitable, are detailed here. 
Homogenize 
200 ml EB 
Procedure - I 
100 g infected leaves of ^. melongena cv. BR-112 in 
(O.lM phosphate buffer pH 8.0 containing 0.1% sodium 
sulphite + 0.1% thioglycollic acid) 
Squeeze through a double-layered cheesecloth 
Centrifuge at 6,000 rpm for 10 min 
Pellet 
1 
Discard 
I 
Pellet i 
Discard 
Supernatant i 
Discard 
Pellet 
I 
Discard 
Supernatant* 
i 
Add 20% (V/V) Chloroform and 
stir for 15 min i 
Centrifuge at 6,000 rpm 
for 10 min 
1 
Supernatant* 
Centrifuge at 30,000 rpm 
for 2 hr 
-i 
Pellet 
i 
Suspend in 0.1 M phosphate buffer pH 8.0 
(20 ml/100 ml of initial extract) i 
Centrifuge at 6,000 rpm for 10 min 
Supernatant** 
i 
Centrifuge at 35,000 rpm for 2 hr 
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4 I 
Supernatant Pe l le t i. 1 
Discard Suspend in 0.IM phosphate buffer pH 8.0 
(10 ml/100 ml of initial extract) 
Centrifuge at 6,000 rpm for 10 min 
Pellet Supernatant** 
Discard Centrifuge at 40,000 rpm for 90 min 
I i 
Supernatant Pellet 
1 J 
Discard Suspend in 0.IM phosphate buffer pH 8.0 
(2 ml/100 ml of initial extract) 
4' 
Centrifuge at 6,000 rpm for 10 min 
I _ _ J 
Pellet i 
j, Supernatant** 
Discard (Partially purified virus suspension) 
•Assayed for virus infectivity on D. stramonium. 
TABLE 2.4: Relative infectivity of virus (BNMV) at different steps 
of purification (Procedure-I) 
Steps of purification Number of local Per cent relative 
lesions/leaf* infectivity 
Supernatant 181 100.0 
(After 1st low speed) 
Clarification 170 93.9 
(After chloroform treatment) 
Differential centirfugation-I** 120 66.3 
Differential centrifugation-II** 96 53.0 
Differential centrifugation-III** 75 41.4 
•Average number of local lesions/leaf based on 24 leaves of 
D. stramonium 
**After each step of purification the supernatant obtained was 
diluted to original volume for virus infectivity assay. 
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Results presented in Table 2.4 indicate that the infectivity 
of virus was reduced to 41.4 per cent after Ilird differential 
centrifugation. 
Procedure - II 
Homogenize 100 g infected leaves of ^. melongena cv. BR-112 in 
200 ml EB (O.IM phosphate buffer pH 8.0 containing 0.1% sodium 
sulphite and 0.1% thioglycollic acid) 
Squeeze through a double-layered cheesecloth 
Centrifuge at 6,000 rpm for 10 min 
Pellet 
1 
Discard 
Pellet 
1 
Discard 
I 
ernatani 
1 
Discard 
Supernatant* 
I 
Add 20% (V/V) chloroform and stir 
for 15 min 
Centrifuge at 5,000 rpm for 10 min 
I Supernatant* i 
Add 8% (W/V) PEG (6000 MW)+1%(W/V) 
NaCl while stirring and dissolve 1 
Keep for 2 hr at 4''C 
Centrifuge at 12,000 rpm for 20 min 
— — ^ 
Pellet 
1 
Suspend in O.lM phosphate buffer 
pH 8.0 
(20 ml/lOO ml of initial extract) 
119 
i 
Centrifuge at 6,000 rpm for 10 min 
Pellet Supernatant** 
Discard Centrifuge at 35,000 rpm for 2 hr 
1 
Supernatant Pellet 
i i 
Discard Suspend in O.IM phosphate buffer pH 8.0 
(2 ml/100 ml of initial extract) i 
Centrifuge at 6,000 rpm for 10 min 
vC—• — — 4 
Pellet Supernatant* 
I (Partially purified virus suspension 
Discard 
*Assayed for virus infectivity on D. stramonium 
TABLE 2.5: Relative infectivity of virus (BNMV) at different steps 
of purification (Procedure-II) 
Steps of purification Number of local Per cent relative 
lesions/leaf* infectivity 
Supernatant 197 100.0 
(After 1st low speed) 
Clarification 182 92.3 
(After chloroform treatment) 
PEG (8%) precipitation** 119 60.4 
Differential centrifugation** 78 39.6 
* Average number of local lesions/leaf based on 30 leaves of 
D. stramonium. 
**After each step of purification, the supernatant was diluted 
to the original volume for virus infectivity assay. 
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Results incorporated in Table 2.5 indicate that the infec-
tivity of virus was reduced upto 39.6 per cent after PEG preci-
pitation and differential centrifugation. 
The virus (BNMV) was purified successfully by both above 
mentioned procedures. However, the number of virus particles 
and infectivity were found nearly same in the virus suspensions 
obtained by both procedures but the suspension obtained by 
Procedure-II was more clear and not showing any greenish colour 
as observed in the suspension obtained by Procedure-I. Therefore, 
Procedure-II was finally adopted for the purfication of virus 
(BNMV) from infected leaves of brinjal, S. melongena cv. BR-112 
as this procedure also required less time than procedure-I. 
All further studies on the properties of the virus were carried 
out using this method for isolating the virus. 
4.7 DENSITY GRADIENT CENTRIFUGATION 
To remove the last traces of any extraneous materials, 
rate zonal density gradient centrifugation of partially purified 
BNMV preparation was performed. A sample of 2 ml of the parti-
ally purified BNMV preparation isolated from 100 g of infected 
leaves of brinjal was loaded on pre-formed linear sucrose 
density gradient columns and centrifuged at 23,000 rpm for 2 hr 
in a Beckman SW 25.1 rotor at 5°C. The tubes when examined in 
a dark room by projecting a narrow beam of light, down the tubes 
from the top, showed a very thick diffused light scattering 
band. Centrifugation for different lengths of time, ranging 
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from 2 hr to 4 hr at 23,000 rpm also resulted in the same thick 
diffused band. To get a clear sharp bordered or narrow 
band, different dilutions of partially purified BNMV preparations 
were loaded on sucrose density gradient columns as follows: 
One ml more phosphate buffer (O.IM, pH 8.0) was added 
to the partially purified BNMV suspension (2ml) isolated from 
100 g infected leaves of brinjal. From this 3 ml partially puri-
fied BNMV suspension, three dilutions were made as (a) 1 ml 
virus suspension + 1 ml phosphate buffer, (b) 1 ml virus 
suspension + 2 ml phosphate buffer, and (c) 1 ml virus suspen-
sion + 3 ml phosphate buffer. A sample of 2 ml each of dilution 
(a), (b), and (c) was loaded on sucrose density gradient columns 
and centrifuged at 23,000 rpm for 2 hr. The light scattering 
bands obtained from these dilutions (Fig.4.6a,b and c) too were 
not ideal. However, with the dilution (c), though the band was 
not satisfactory but was comparatively narrow (Fig. 4.6 c). 
The sample taken from each light scattering band of 
dilutions (a), (b) and (c) was found to be infectious when 
inoculated on D. stramonium. When these samples were examined 
separately under electron microscape, the sample obtained from 
the band of the dilution (c) was found to be more clear virus 
suspension in comparison to the samples obtained from the bands 
of the dilution (a) and (b). 
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4.8 UV-ABSORPTION SPECTRUM 
The purified BNMV suspension obtained after density 
gradient centrifugation was examined in an UV-visible Recording 
Spectrophotometer. Informations regarding UV-absorption spectra 
of properly diluted purified BNMV suspension are presented in 
Table 2.6. 
TABLE 2.6: Informations derived from UV spectrum curve 
A maximum 25 7 
A minimum 24 6 
A max /A min 1.04 
A at 260 nm 1.48 
A at 280 nm 1.29 
A260/A280 1.14 
A280/A260 0.81 
Nucleic acid percentage 
(Gibbs and Harrison, 1976) ca. 5% 
Purified preparation of BNMV gave a UV spectrum (235 nm 
to 300 nm) typical of nucleoprotein (Fig. 4.7). Maximum and 
minimum absorbance was recorded at 257 nm and 246 nm, respec-
tively. Amount of nucleic acid in the virus has been estimated 
to be about 5 per cent of particle weight by interpolation of 
the observed data on A260/A280 ratio in the graph (Gibbs and 
Harrison, 1976) illustrating the relation between nucleic acid 
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Fig. 4-7: UV-absorption spectrum of purified preparation 
of brinjal necrotic mosaic virus (BNMV) 
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percentage of purified virus preparation and their A250/A280 
ratios. 
4.9 ELECTRON MICROSCOPY 
4.9.1 Morphology of the virus particles 
Rod-shaped particles typical of tobamoviruses having 
a width of ca. 14.5 nm and length of 300 nm were easily detected 
in the crude sap of the infected leaves of brinjal (Fig. 4.8 a). 
The purified virus preparation obtained after rate zonal density 
gradient centrifugation, however, showed large number of virus 
particles of varying lengths (Fig. 4.8 b). The normal length 
(NL) was determined from length measurements of 34 7 particles 
observed from few electron micrographs of preparations from 
crude sap (SI). Of these, 254 (nearly 73%) particles belonged 
to the main maximum of the length distribution histogram from 
which an NL of 300 nm (arithmetical mean) was calculated 
(Fig. 4.9). 
4.9.2 Ultrastructural studies 
For observation of viral inclusions in living cells, 
ultrastructural studies were carried out on the BNMV-infected 
tissues of brinjal leaves. When the ultrathin sections of the 
BNMV-infected tissues of brinjal leaves were examined in an 
electron microscope, no specific inclusions could be found in 
the cytoplasm of infected cells. However, the virus particles 
were randomly scattered throughout the cytoplasm (Fig. 5.0), 
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crude sap preparation 
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and the aggregation of the virus particles in the phloem paren-
-chyma cells was also seen. In the phloem parenchyma cells, 
the virus particles were arranged end to end, and compactly 
arranged giving rise to a bundle pattern arrangement of virus 
mass (Fig. 5.1). 
4.10 MOLECULAR WEIGHT OF VIRUS (BNMY) COAT PROTEIN 
SDS - Electrophoresis of purified BNMV degraded by SDS 
and 2-mercaptoethanol showed only one major band indicating 
a single type of protein subunit in the polypeptide chain of 
BNMV coat protein. The molecular weight of the protein subunit 
was calculated from its electrophoretic mobility in relation 
to the markers used (See Section 3.11), and it was estimated 
by interpolating the Rf value of the viral protein into a graph 
prepared by simultaneous run of the known molecular weight 
markers (Fig. 5.2). The molecular weight of BNMV coat protein 
subunit, thus obtained, was ca. 17,000±500 daltons. The data 
were based on average of three separate determinations. 
4.11 CHARACTERISTICS OF VIRAL NUCLEIC ACID 
4.11.1 Isolation of nucleic acid 
The preparation of viral nucleic acid isolated by phenol-
chloroform method (See Section 3.12.1) gave positive results 
when it was assayed on D. stramonium. No infection was observed 
when the extracted viral nucleic acid treated with pancreatic 
ribonuclease was tested on D. stramonium, while it remained 
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infectious when treated with deoxyribonuclease. It indicates 
that the infectious preparation was infact that of RNA. Infec-
tivity of the isolated viral nucleic acid was compared with 
the parent virus (BNMV) preparation by half-leaf assay method 
on the basis of dilutions (Table 2.7). 
TABLE 2.7: Comparison of the infectivity of BNMV and its nucleic 
acid 
Dilution 
* 
Number of local lesions/half-leaf 
BNMV BNMV Nucleic acid 
U n d i l u 
1 0 ' 
1 0 " 
1 0 " 
1 0 " 
•1 
•2 
•3 
•4 
-5 
i t e d 169 68 
112 25 
53 11 
22 02 
09 00 
10~" 00 00 
•Average number of local lesions/half-leaf based on 3 experiments 
with 3 plants of _D. stramonium having 6 leaves each. 
It is evident from Table 2.7 that the nucleic acid 
preparation diluted 10 times (10 ) gave about same number of 
-3 
local lesions as BNMV diluted a 1,000 times (10 ) indicating 
that the nucleic acid was about 1% infectious as compared to 
the infectivity of parent BNMV preparation. 
4.11.2' Type of nucleic acid 
The BNMV nucleic acid displayed a blue colour in the 
orcinol reaction, while it did not change colour in the dipheny-
lamine reaction indicating that the viral nucleic acid was RNA. 
The control did not show any change in colour. 
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4.12 SEROLOGY 
4.12.1 Homologous reaction 
4.12.1.1 Tube precipitin test 
Tube precipitin tests carried out with different combina-
tions of antigen and antiserum produced flocculent precipitates. 
With the help of this technique, various combinations of two-
fold dilution of antigen and antiserum revealed the antigen 
end-point as 1:512 and antiserum end-point as 1:256 (Table 2.8). 
4.12.2.2 Ouchterlony gel double-diffusion test 
To determine the optimum condition for the formation 
of immunoprecipitin band of antibody + virus (BNMV), double-
diffusion tests in plates were carried out using different 
combinations of viral antigen and gel media. 
A perusal of data included in Table 2.9 revealed that 
BNMV reacted positively in gel diffusion tests. The BNMV virion 
suspended in O.IM phosphate buffer pH 8.0 showed best result, 
and a visible and clear immunoprecipitin band was observed 
in the gel medium consisting of phosphate buffer (O.lM, pH 8.0) 
containing 0.8% agarose with or without sodium azide (.02%). 
Although sodium azide had no effect on the formation 
of precipitin band, but it was preferred for keeping gel 
medium free from microbial contamination. However, no 
precipitin bands were observed in the presence of sodium dodecyl 
sulphate (SDS) either in viral antigen or in gel medium.It is, 
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TABLE 2.9: Effect of different combinations of viral antigen 
and gel media on the intensity of precipitin band 
of BNMV + antibody 
Viral antigen Intensity of precipitin band in differen gel media 
A +++ +++ ++ 
B ++ ++ + 
C 
Symbol legend: 
+++ = strong, ++ = Moderate, + = Weak 
= No precipitin band 
A = Virus particles suspended in phosphate buffer (O.lM, 
pH 8.0). 
B = Virus particles suspended in phosphate buffer (O.lM, 
pH 8.0) containing 0.85% (W/V) NaCl. 
C = Virus particles suspended in distilled water containing 
1.0% (W/V) SDS. 
a = 0.8% agarose (W/V) in phosphate buffer (O.lM, pH 8.0). 
b = 0.8% agarose (W/V) in phosphate buffer (O.lM, pH 8.0) conta-
ining 0.02% (W/V) sodium azide. 
c = 0.8% agarose (W/V) in phosphate buffer (O.lM, pH 8.0) conta-
ining 0.85% (W/V) NaCl. 
d = 0.8% agarose (W/V) in distilled water containing 0.5% (W/V) 
SDS and 1% (W/V) Sodium azide. 
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therefore, evident that the optimum condition for the formation 
of immunoprecipitin band using BNMV and its antiserum depends 
on the gel medium (O.lM phosphate buffer pH 8.0 containing 0.8% 
agarose and 0.02% sodium azide) and the use of viral antigen 
(BNMV suspended in.O.lM phosphate buffer pH 8.0). 
Purified BNMV preparation and crude sap extracted from 
BNMV-infected leaves of brinjal reacted specifically with the 
antiserum prepared against BNMV in gel double-diffusion tests. 
No reaction was observed between the crude sap of the leaves 
of healthy brinjal plants and BNMV antiserum. 
Ouchterlony gel double-diffusion tests with varied combi-
nations of two-fold dilutions of antigen and antiserum revealed 
the antigen end-point as 1:64 and antiserum end-point as 1:32. 
However, the clearest precipitin bands were observed upto antigen 
dilution of 1:16 and antiserum dilution of 1:8 (Table 3.0). 
4.12.2 Heterologous reaction 
For establishing the serological relationship of the virus 
under study (BNMV), the immunodiffusion tests in gel were per-
formed using BNMV preparation as antigen and the antiserum of 
different virus isolates having similar particle morphology, 
such as cucumber green mottle mosaic virus (CGMMV); Six strains 
of tobacco mosaic virus (TMV), viz. aubergine/eggplant strain 
(TMV-Al), dahlemense strain (TMV-D), pepper strains (TMV-PI1 
and P14), common or vulgare strain (TMV-Ul) and tobacco strain 
(TMV-WUl), and tomato mosaic virus (ToMV). 
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TABLE 3.1: Determination of the serological relationship between 
BNMV and antisera of different tobamovirus isolates 
in gel diffusion tests 
Antigen Antiserum Serological reaction 
intensity 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
CGMMV 
TMV-Al 
TMV-D 
TMV-Pll 
TMV-P14 
TMV-Ul 
TMV-WUl 
ToMV 
+ + + 
+ + 
+ + + 
+ + + 
+ + + 
Symbol legend; +++ = Strong; ++ = Moderate; + = Weak; 
= No visible precipitin band 
The results of immunodiffusion tests performed three times 
indicate that the virus under study (BNMV) is closely related 
to TMV-D, TMV-Ul and TMV-WUl against which it gave strong 
reactions and produced very sharp and clear precipitin bands. 
However, mild and faint bands of low intensity against TMV-Al and 
TMV-PU also showed distant relationship with them, but no bands 
were observed against CGMMV, TMV-P14 and ToMV (Table 3.1 and 
5.3 a-h). 
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4.13 IMMUNOSORBENT ELECTRON MICROSCOPY (ISEM) 
4.13.1 Trapping 
In homologous reactions, large number of rod-shaped 
BNMV particles were trapped on the antiserum-coated grid. In 
heterologous reactions, maximum number of BNMV particles were 
trapped on TMV-D antiserum-coated grid, TMV-Pll antiserum 
trapped minimum number of BNMV particles, while TMV-P14 was 
inefficient in trapping the BNMV particles. Moderate trapping 
was also observed on the TMV-Ul and TMV-WUl antiserum-coated 
grids (Table 3.2 and fig. 5.4 a-h). Thus, on the basis of 
trapping , it is concluded that the virus under study (BNMV) 
is closely related to TMV-D. 
4.13.2 Decoration 
Heavy decoration of BNMV particles was observed with 
TMV-D antibodies, which was the same as observed with their 
homologous antibodies. There was a negligible decoration with 
TMV-Pll antibodies, while TMV-P14 antibodies failed to decorate 
the BNMV particles. Moderate decoration with TMV-Ul and TMV-WUl 
antibodies was also observed, however, mild or light decoration 
was observed with TMV-Al antibodies (Table 3.3 and 
Fig. 5.4 a-h). 
Thus, the results from ISEM with trapping and decoration 
confirmed the close relationship of the virus under study 
(BNMV) with tobacco mosaic virus-dehlemense strain (TMV-D). 
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TABLE 3.2: Serological comparison of BNMV based on trapping 
intensity of the BNMV particles with the antisera 
of different strains of tobacco mosaic virus (TMV) 
Antigen Antiserum Tapping intensity 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
TMV-Al 
TMV-D 
TMV-PI1 
TMV-PI4 
TMV-Ul 
TMV-WUl 
97 
31 
65 
5 
1 
54 
45 
*The amount of trapping (Trapping inensity) is expressed as 
a ratio calculated by dividing the number of virus aprticles 
counted on the antiserum-coated grid by the number of virus 
particles counted on the corresponding preimmune serum-coated 
grid. Virus particles were counted in 10 random viewing fields 
on the grid for each virus-antibody combination. The total 
number of virus particles trapped for each virus-antibody 
combination and preimmune serum control were: BNMV-BNMV ( 778 and 
8); BNMV-TMV-Al (187 and 6); BNMV-TMV-D (521 and 8); BNMV-TMV-
Pll (31 and 6); BNMV-TMV-P14 (8 and 6); BNMV-TMV-Ul (432 and 8) 
and BNMV-TMV-WUl (362 and 8). 
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TABLE 3.3: Serological comparison of BNMV based on decoration 
intensity of the BNMV particles with the antisera 
of different strains of tobacco mosaic virus (TMV) 
Antigen Antiserum Decoration intensity 
(nm) 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
BNMV 
TMV-Al 
TMV-D 
TMV-PI1 
TMV-P14 
TMV-Ul 
TMV-WUl 
32 
3 
32 
Negligible 
24 
15 
•Decoration intensity was calculated by subtracting the width 
of undecorated particles from the width of decorated particles. 
D I S C U S S I O N 
DISCUSSION 
Brinjal, Solanum melongena, is widely grown in and 
around Aligarh Distt. as one of the principal vegetable crops 
of this region. During survey of fields this vegetable crop 
was found to be affected by a disease showing characteristic 
mosaic symptoins which were intermingled with brownish necrotic 
spots. The severely infected plants showed great reduction 
in size and some degree of malformation of leaves. Flowering 
and fruit-setting on the diseased plants were rare. The disease 
was investigated and the identity of its causal virus, desig-
nated as brinjal necrotic mosaic virus (BNMV), established. 
The disease was readily transmissible by sap inocula-
tion, but the aphids (Aphis gossypii, Brevicoryne brassicae 
and Myzus persicae) and whiteflies failed to transmit the 
disease. Transmission of the disease by dodder (Cascuta 
chinensis and C. ref lexa), and through seeds and soil was also 
not observed. 
The causal virus (BNMV) has moderate host range. Out 
of 134 species of plants belonging to 27 families, only 35 
species belonging to 7 families were found succeptible to BNMV, 
while 99 species belonging to 27 families were found resistant 
to BNMV. Most of the hosts were in the family Solanaceae. Out 
of 35 host species, 25 species belonged to family Solanaceae 
and remaining 10 belonged to families;Amaranthaceae, Asteraceae, 
Chenopodiaceae, Fabaceae, Malvaceae and Scrophulariaceae. Out 
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of 14 brinjal cultivars tested, 11 cultivars were found sus-
ceptible to BNMV, of which 3 cultivars were latent to infection, 
while remaining 3 cultivars were resistant to BNMV. Nicotiana 
rustica and Spinacia oleracea cv. Palang Sag were also found 
latent to BNMV infection. Chenopodium quinoa (Chenopodiaceae), 
Gomphrena globosa (Amaranthaceae), Datura stramonium, Nicotiana 
glutinosa and N. tabacum cv. White Burly KY-21 (Solanaceae) 
were found to be good local lesion hosts of BNMV. Out of these, 
D. stramonium was chosen for quantitative assay. 
BNMV in crude sap lost its infectivity at a dilution 
of 10 and after heating for 10 min at 90°C while it retained 
its infectivity even after a very long period; 10 days at room 
temperature (20+5°C), 20 days at 4°C and 4 months in freeze-
dried leaves. Only 33.8 per cent (at room temperature), 28.4 
per cent (at 4°C) and 30.1 per cent (in freeze-dried leaves) 
infectivity was reduced after this period of 10 days, 20 days 
and 4 months, respectively. 
S. melongena cv. BR-112 was used as propagation host 
and in the leaves of this cultivar of brinjal B^ MV attained highest 
concentration 10 days after mechanical inoculation. The stem 
and root of this cultivar also contained virus but the concen-
tration was less than that in the leaves. 
Phosphate buffer (0.IM, pH 8.0) containing sodium 
sulphite (0.1%) and thioglycollic acid (0.1%) was found to 
be the suitable extraction medium, while chloroform (20%) was 
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found good clarifying agent and used routinely for clarifica-
tion. 
Among the several procedures applied for purification 
of BNMV, the procedure involving extraction from systemically 
infected leaves of ^. melongena cv. BR-112 in O.IM phosphate 
buffer pH 8.0 containing sodium sulphite and thioglycollic 
acid, clarification with chloroform, precipitation with PEG 
6,000 (8%) and NaCl (1%) followed by differential centrifuga-
tion proved most successful. The pellet obtained after 
differential centifigation was suspended in extraction buffer 
and this preparation was found infective. Further purification 
was achieved by rate zonal sucrose density gradient centrifu-
gation. On density gradient centrifugation (23,000 rpm for 
2 hr), a narrow light scattering band was obtained when very 
low concentration of partially purified BNMV was used. Material 
forming the light scattering band was found to be infectious. 
The purified BNMV preparation gave an UV-spectrum 
characteristic of nucleoprotein with A260/A280 ratio of 1.14 
indicating approx. 5 per cent nucleic acid in virion. Viral 
capsid contained only one type of protein subunit having a 
molecular weight of ca. 17,000 ± 500 daltons. 
Electron microscopic studies of crude sap of infected 
leaves showed rod-shaped particles usually 300 nm long and 
14.5 nm wide. But, particle length was variable in purified 
preparations due to end to end alignments and breaking of 
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particles. In ultrathin sections of BNMV-infected leaves of 
brinjal, rod-shaped particles were seen scattered in the 
cytoplasm of mesophyll cells and as aggregates in the cytoplasm 
of phloem parenchyma cells. 
Antiserum against BNMV raised in rabbit showed a titre 
of 1:256 in tube precipitin test and 1:32 in Ouchterlony gel 
double-diffusion test. In gel double-diffusion tests, BNMV 
showed serological relationship with different strains 
of tobacco mosaic virus (TMV-Al, D,P11, Ul and WUIJ but not to 
TMV-P14, while no serological relationship was found with 
cucumber green mottle mosaic virus (CGMMV) and common strain 
of tomato mosaic virus (ToMV). In immunosorbent electron micro-
scopic studies, BNMV showed close relationship with tobacco 
mosaic virus-dahlemense strain (TMV-D) as the maximum trapping 
and decoration were observed with this strain antiserum. 
There are several reports on the occurrence of mosaic 
disease of brinjal in nature (Alexandri, 1937; Thomas, 1938; 
Raychaudhuri, 1947; Ferguson, 1951; Anonymous, 1954; Verma 
& Lai, 1967; Mayee, 1974 and Ladipo, 1976). Almost all these 
reports contain incomplete information. Nothing is reported 
about the particle morphology and other characteristics of 
the causal viruses. However, a comparison of host range, mode 
of transmission and bio-physical properties of the causal 
viruses reported with the virus under investigation (BNMV) 
reveals that BNMV differs markedly from them. 
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Several viruses have been reported to cause mosaic 
disease in brinjal, namely alfalfa mosaic virus (Majorana & 
Russo, 1966 and Kemp & Troup, 1977), broad bean wilt virus 
(Morita et £l. , 1974), carlavirus (Khalil et. £l., 1982), cucumber 
mosaic virus (Seth et al. , 1967; Seth & Raychaudhuri, 1973, 
1977; Rana & Vovlas, 1971; Ragozzino, 1973; Patil & Mali, 1977; 
Shawkat & Fegla, 1979 and Tanne & Zimmerman-Gries, 1980), 
eggplant mosaic virus (Dale, 1954, 1956; Kitajima & Costa, 
1968 and Gibbs & Harrison, 1969), potato virus C (Bala & 
Bhargava, 1977), potato virus S (Vyanjane & Mali, 1980), potato 
virus Y (Sastry, 1982), tomato bushy stunt virus (Makkouk 
et al. , 1981 and Koenig & Avgelis, 1983) and the virus of 
geminate particles c. 18x30 nm (Honda et a_l. , 1986). Keeping 
in view the morphology and measurement of the BNMV particles, 
no comparison is warranted with the aforementioned viruses of 
various groups having different particle morphology and 
measurement. 
Vasudeva (1958, 1959, 1960, 1962 & 1963) described 
five different viruses infecting brinjal in nature. None of 
them resembles BNMV as they differ either in host range or 
in the mode of transmission. Detailed comparison is not possible 
as the informations given in these reports are insufficient. 
Sharma (1969) described five sap-transmissible viruses 
isolated from mosaic infected brinjal plants. All these viruses 
were identified by differences in host range, bio-physical 
properties, transmission and cross-protection. He reported 
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one of them (isolate LL) as a strain of tobacco mosaic virus 
which resembles BNMV in bio-physical properties and mode of 
transmission. The isolate LL is also almost similar to BNMV 
in symptomatology. Remaining four viruses described appear 
to be quite different from BNMV. 
The virus under investigation (BNMV) seems to be 
different from the virus reported on eggplant by Pop & Jilaveanu 
(1975) in the symptom expression on eggplant. The affected 
leaves became necrotic, and young plants were killed when 
infected with the virus reported while in case of BNMV not 
a single young plant was observed to be killed by the viral 
infection. 
Naqvi & Mahmood (1975, 1976 & 1978) descibed a virus 
causing mosaic disease on brinjal from Aligarh but it differs 
from the present virus (BNMV) in the symptom expression on 
the hosts, bio-physical properties and particle morphology. 
Naqvi & Mahmood (1978) reported a flexuous rod-shaped virus 
having the particle measurement of 675 x 13 nm while BNMV is 
a rigid rod-shaped virus having the particle measurement of 
300 X 18 nm. Thus, BNMV is different from the virus reported 
earlier from Aligarh. 
Rao (1978) reported a virus causing mosaic disease 
of eggplant which was serologically related to cucumber vein 
yellowing virus (CVYV). Although the particle morphology of 
CVYV is almost similar to BNMV but it differs in host range 
and bio-physical properties. 
141 
Sastry (1982) described three viruses causing mosaic 
disease of eggplant and identified them as potato virus Y, 
tobacco ringspot virus and tobacco mosaic virus. None of these 
viruses described resembles BNMV in symptom expression on the 
hosts. No further comparison is possible as no information 
on other aspects was reported by Sastry. 
Rast (1985) isolated a strain of tobacco mosaic virus 
(TMV) from eggplant which was biologically different and 
distinct from other TMV strains, and was designated as TMV-Al. 
In the present investigation, the serological results reveal that 
TMV-Al is distantly related to the virus under investigation. 
A general comparison of the virus under investigation 
(BNMV) with other virus groups is being attempted in the 
following text with a view to see whether BNMV fits into any 
of the existing groups of rigid rod-shaped plant viruses. The 
comparison is by no means based on all the characteristics 
but on the major ones which differentiate BNMV from other virus 
groups. 
Based on particle measurement alone, BNMV can be 
distinguished from hordeivirus, tobravirus and carlavirus 
groups (Brandes & Bercks, 1965; Harrison e^ a_l. , 1971; Jackson 
& Lane, 1981; Harrison & Robinson, 1981; Van Regenmortel, 1981 
and Wetter & Milne, 1981). The particles of BNMV are bigger 
than hordeiviruses and tobraviruses while shorter than carla-
viruses. Bio-physical properties of BNMV and molecular weight 
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of its protein subunit also differentiate it from the above 
said rigid rod-shaped virus groups. 
The isolate under investigation (BNMV) resembles toba-
moviruses in bio-physical properties, mode of transmission 
and the properties of purified virus such as particle 
morphology and molecular weight of protein subunit. 
Positive serological reactions with the antisera of 
different strains of tobacco mosaic virus in gel as well as 
on the grid of electron microscope showed the resemblence of 
BNMV with tobacco mosaic virus, type member of tobamovirus 
group. Further, the presence of the particles of tobacco mosaic 
virus (TMV) ±n situ in cells of infected leaves of brinjal 
supports the above view (Black et^ al. , 1950). 
Earlier, the occurrence of TMV on brinjal has also 
been reported by Palm & Jochems (1924), Chamberlain (1937), 
Soukhov et £l. (1944), Vasudeva (1960), Takinel et aJ.. (1969), 
Sharma (1969), Pop & Jilaveanu (1975) and Sastry (1982) but 
the detailed comparison with the present virus (BNMV) is not 
possible as the informations given in these reports are 
insufficient. However, TMV (isolate LL) reported by Sharma 
(1969) resembles BNMV in bio-physical properties and mode of 
transmission, and the TMV strain (TMV-Al) described by Rast 
(1985) is distantly related with BNMV. 
According to Van Regenmortel (1981) serology provides 
one of the most specific and rapid means of identifying 
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individual TMV strains. In present investigation, the ISEM 
results indicated that the relative trapping and decoration 
of BNMV particles with the antisera of different TMV strains 
could be used for observing the serological relationship of 
BNMV with these TMV strains. There was a closer relationship 
between BNMV and tobacco mosaic virus-dahlemense strain (TMV-D) 
than any other strains tested. 
Thus, keeping in view the above facts, it is clear 
that on the basis of characteristics worked out in the present 
investigation the virus under investigation (BNMV) belongs 
to tobamovirus group and is closely related to dahlemense 
strain of tobacco mosaic virus (TMV-D), but it is not identical 
to TMV-D as it does not produce local lesions on Nicotiana 
sylvestris, a characteristic feature of TMV-D (Melchers et. al. , 
1940 and Melchers, 1942). It is, therefore, concluded that 
the virus under investigation, BNMV is a new strain of tobacco 
mosaic virus and may be called as Aligarh strain of TMV causing 
necrotic mosaic disease of brinjal. Further studies with regard 
to genome characteristics are needed to fully understand the 
various properties of this new strain of TMV. 
S U M M A R Y 
SUMMARY 
MAIN SYMPTOMS 
The leaves of infected plants of brinjal, Solanum 
melongena L., showed brownish necrotic spots intermingled with 
characteristic light and dark green mosaic symptoms. The infec-
ted plants remained stunted and bore few flowers and fruits. 
The fruits, if present, were very small sized. The disease 
incidence was about 60 per cent and increased from seedling 
stage to flowering stage of the plants. 
TRANSMISSION 
The causal virus (BNMV) was easily transmissible by 
sap inoculation but it failed to transmit by three species of 
aphids (Aphis gossypii, Brevicoryne brassicae and Myzus 
persicae) and whiteflies. The virus was also not transmissible 
through dodder (Cuscuta chinensis and C. reflexa), seeds and 
soil. 
HOST RANGE AND SYMPTOMATOLOGY 
The causal virus has moderate experimental host range, 
infecting 35 species belonging to 7 families. Out of 35 host 
species, 25 species belonged to family Solanaceae and remaining 
10 belonged to family: Amaranthaceae, Asteraceae, Chenopodiaceae, 
Fabaceae, Malvaceae and Scrophulariaceae. Out of 14 brinjal 
cultivars tested, 11 cultivars were found susceptible to BNMV, 
of which 3 cultivars were latent to infection, while remaining 
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3 cultivars were resistant to BNMV. Nicotiana rustica and 
Spinacia oleracea cv. Palang Sag were also found latent to BNMV 
infection. 
Chenopodium quinoa. Datura stramonium, Gomphrena globosa, 
Nicotiana glutinosa and N. tabacum cv. White Hurley KY-21 were 
found to be good local lesion host but JD. stramonium was most 
suitable for quantitative assay of virus. 
BIO-PHYSICAL PROPERTIES 
In ^. melongena cv. BR-112 sap, BNMV lost its infecti-
— ft 
vity at a dilution of 10" and after heating for 10 min at 90°C, 
while it retained its infectivity even after a very long period; 
10 days at room temperature (20±5°C), 20 days at 4°C and 4 months 
in freeze-dried leaves. Only 33.8 per cent (at room temperature), 
28.4 per cent (at 4°C) and 30.1 per cent (in freeze-dried leaves) 
infectivity was reduced after this period of 10 days, 20 days 
and 4 months, respectively. 
PROPAGATION SPECIES 
^. melongena cv. BR-112 was used as propagation host 
and the leaves of this cultivar were the best source of the virus 
for purification in which the virus reached to its highest 
concentration 10 days after mechanical inoculation. 
EXTRACTION MEDIUM 
Phosphate buffer (O.lM, pH 8.0) containing sodium 
sulphite (0.1%) and thioglycollic acid (0.1%) was found to be 
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the suitable extraction medium, while chloroform (20%) was found 
good clarifying agent and used routinely for clarification. 
PURIFICATION 
Among several procedures applied for purification of 
BNMV, the procedure involving extraction from systemically 
infected leaves of S. melongena cv. BR-112 in phosphate buffer 
(O.IM, pH 8.0) containing sodium sulphite and thioglycollic acid, 
clarification with chloroform, precipitation with PEG 6,000 
(8%) and NaCl (1%) followed by differential centrifugation gave 
good results and the pellet obtained after differential centri-
fugation contained infective virus particles. 
Further purification was achieved by rate zonal sucrose 
density gradient centrifugation (23,000 rpm for 2 hr). On density 
gradient centrifugation, a narrow light scattering band was 
obtained when very low concentration of partially purified BNMV 
suspension was used. 
The purified BNMV preparation gave a typical nucleo-
protein spectrum in UV-spectrophotometer with Amax 257 nm and 
Amin 24 6 nm. 
ELECTRON MICROSCOPY 
Electron microscopic studies of crude sap of infected 
leaves showed rod-shaped particles usually 300 nm long and 14.5 
nm wide. But, particles length was variable in purified prepara-
tions due to end to end alignments and breaking of particles. 
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In ultrathin sections of BNMV-infected leaves of brinjal, 
rod-shaped particles were seen scattered in the cytoplasm of 
mesophyll cells and as aggregates in the cytoplasm of phloem 
parenchyma cells. 
PARTICLE COMPOSITION 
Positive reaction of viral nucleic acid preparation with 
orcinol reagent showed the presence of RNA. Nucleic acid 
constituted approx. 5 per cent of the total particle weight as 
indicated by the A260/A280 ratio for nucleoprotein which was 
1.14. 
Viral capsid contained only one type of protein subunit 
having a molecular weight of ca. 17,000±500 daltons. 
SEROLOGY 
The virus (BNMV) was immunogenic. The antiserum against 
the virus was raised by injecting it into an albino-rabbit. The 
antiserum raised against BNMV showed a titre of 1:256 in tube 
precipitin test and 1:32 in Ouchterlony gel double-diffusion 
test. Good reactions in gel double-diffusion test were observed 
when gel media consisted 0.8% agarose with sodium azide (0.02%) 
in O.lM phosphate buffer pH 8.0 and antigen (BNMV) suspended 
in O.lM phosphate buffer pH 8.0. 
In immunosorbent electron microscopy (ISEM), the virus 
particles were found trapped and decorated when incubated either 
with its homologous antiserum or with its related antisera on 
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the electron microscope grid, at a particular temperature for 
specific period. 
RELATIONSHIPS 
In gel double-diffusion tests, BNMV showed its serologi-
cal relationship with different strains of tobacco mosaic virus 
(TMV-Al, TMV-D, TMV-Pll, TMV-Ul and TMV-WUl) but not to TMV-P14, 
while no serological relationship was found with cucumber green 
mottle mosaic virus (CGMMV) and common strain of tomato mosaic 
virus (ToMV). In ISEM, BNMV showed its close relationship with 
tobacco mosaic virus-dahlemense strain (TMV-D) as the maximum 
trapping and decoration were observed with this strain antiserum. 
Although BNMV is closely related to TMV-D but it is not identical 
to TMV-D as it does not produce local lesions on Nicotiana 
sylvestris, a characteristic feature of TMV-D. 
Thus, it is concluded that the virus under investigation 
(BNMV) is a new strain of tobacco mosaic virus infecting brinjal 
and is tentatively called as Aligarh strain of TMV. 
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PHOTOGRAPHS 
Fig. 1.0a: Solanum melonqena L. : Naturally infected leaves 
showing necrotic mosaic symptoms. 
Fig. 1.0b: Solanum melongena L. : Naturally infected leaf 
showing necrotic spots intermingled with mosaic 
(close view). 
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Fig. 1.1a: Solanum melongena L. cv. BR-112: Left, inoculated 
plant showing mosaic mottling; right, inoculated 
plant showing necrotic mosaic. 
Fig. 1.1b: Solanum melongena L. cv. BR-112: Left, a healthy 
leaf; right, leaves from an inoculated plant 
showing vein-clearing, mosaic with necrotic 
spots and pale green colour. 
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Fig. 1.2: Solanum melongena L. cv. Pusa Kranti: Left, 
a healthy leaf; right, leaves from an inoculated 
plant showing vein-clearing, mosaic and necrosis 
due to the severity of symptom development. 
Fig. 1.3: ^. melongena L, cv. Banaras Giant White: Left, 
a healthy leaf; right, leaves from an inoculated 
plant showing mosaic and necrosis due to the 
severity of symptom development. 
Fig. 1.4: _S. melongena L. cv. Nurki Baigan: Left, a healthy 
leaf; right, leaves from an inoculated plant 
showing vein-clearing and mosaic mottling. 
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Fig. 1.5: S. melongena L. cv. Pusa Purple Long: Left, 
a healthy leaf; right, leaves from an inoculated 
plant showing vein-clearing, mosaic and deforma-
tion. 
Fig. 1.6: ^. melongena L. cv. Manjri Gota: Left, a healthy 
leaf; right, leaves from an inoculated plant 
showing mosaic mottling. 
Fig. 1.7: ^. melongena L. cv. Pusa Purple Cluster: Left, 
a healthy leaf; right, leaves from an inoculated 
plant showing mosaic mottling, necrosis due 
to the severity of symptom development, and 
deformation. 
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Fig. 1.8: Capsicum annuum L. cv. Pusa Jwala:Left, a healthy 
leaf; right, leaves from an inoculated plant 
showing mild chlorotic mosaic symptoms. 
Fig- 1.9: Datura stramonium L.: Left, a healthy leaf; 
right, inoculated leaves showing necrotic local 
lesions and necrosis. 
Fig. 2.0: Lycopersicon esculentum Mill. cv. Pusa Ruby: 
Left, a healthy leaf; right, a leaf from an 
inoculated plant showing mosaic symptoms. 
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Fig. 2.1a: Nicotlana glutinosa L. : Left, a healthy leaf; 
right, inoculated leaves showing necrotic local 
lesions surrounded by brown necrotic haloes. 
Fig. 2.1b: N. glutinosa L. : Left, a healthy leaf; right, 
leaves from an inoculated plant showing mosaic 
mottling. 
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Fig. 2.2: Nicotiana megalosiphon Heurek & Mueller: Leaves 
from an inoculated plant showing light and dark 
green mosaic. 
Fig. 2.3: N. occidentalis Wheeler: Left, a healthy plant; 
right, an inoculated plant showing reduction 
in leaf lamina and retardation in growth; leaves 
showing mosaic mottling. 
Fig. 2.4: N. tabacum L, cv. Xanthi: Left, a healthy leaf; 
right, a leaf from inoculated plant showing 
light and dark green mosaic mottling. 
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Fig. 2.5a: Nicotiana sylvestris Speg & Comes: Left, a 
healthy leaf; right, leaves from an inoculated 
plant showing mosaic mottling and vein-banding. 
Fig. 2.5b: N. sylvestris: Leaves from inoculated plant 
showing light and dark green mosaic, reduction 
in lamina and deformation. 
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Fig. 2.6: Nicotiana tabacum L. cv. Anand-2:Left, a healthy 
leaf; right, leaves from inoculated plant showing 
mosaic mottling. 
Fig. 2.7: N. tabac um L. cv. Bhopali Pakra: Left, a healthy-
leaf; right, leaves from inoculated plant showing 
mosaic mottling and reduction in size,* white 
necrotic points intermingled with mosaic. 
Fig. 2.8: N. tabacum L. cv. DR-1: Left, a healthy leaf; 
right, leaves from inoculated plant showing 
mosaic symptoms. 
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Fig. 2.9a: Nicotiana tabacum L. cv. CTRI special: Left, 
a healthy leaf; right, leaves from inoculated 
plant showing vein-clearing, mosaic mottling 
and reduction in size. 
Fig. 2.9b: N. tabacum L. cv. CTRI Special: Leaves from 
inoculated plant showing mosaic, blister-like 
appearance and malformation. 
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Fig. 3.0: Nicotiana tabacum L. cv. GT-4: Leaves from 
an inoculated plant showing mosaic mottling, 
reduction in size and malformation. 
Fig. 3.1: N. tabac urn L. cv. Lime Green: Left, a healthy 
leaf; right, leaves from an inoculated plant 
showing vein-clearing and yellow mosaic. 
Fig. 3-2: N. tabacum L. cv. NC-95: Left, a healthy leaf; 
right, leaves from an inoculated plant showing 
mosaic mottling, reduction in size and 
deformation. 
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Fig. 3.3a: Nicotiana tabacum L. cv. Samsun: Left, a healthy-
leaf; right, leaves from inoculated plant showing 
mosaic and deformation. 
Fig. 3.3b: N. tabacum L. cv. Samsun: Left, a healthy plant; 
right, inoculated plant showing stem necrosis, 
and leaves showing mosaic. 
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Fig. 3.4a: Nicotiana tabacum L. cv. White Burley KY-21: 
Left, a healthy leaf; right, inoculated leaves 
showing local necrotic lesions. 
Fig. 3.4b: N. tabacum L. cv. White Burley KY-21: Left, 
a healthy leaf; right, leaves from inoculated 
plant showing vein-clearing, and light and dark 
green patches. 
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Fig. 3.5: Physalis floridana Rydb.: Left, a healthy leaf; 
right, leaves from an inoculated plant showing 
mosaic mottling. 
Fig. 3.6: Cosmos bipinnatus Cav. cv. Double Mixed: Left, 
a healthy plant; right, an inoculated plant 
showing rolling of leaves and stunting. 
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Fig. 3.7: Amaranthus tricolor L. : Left, a healthy leaf; 
right, a leaf from an inoculated plant showing 
veinal necrosis. Necrosis prominent at mid-rib. 
Fig. 3.8a: Gomphrena globosa L. cv. Choice Mixed; Left, 
a healthy leaf; right, an inoculated leaf showing 
necrotic local lesions. 
Fig. 3.8b: G. globosa L. cv. Choice Mixed: Left, a healthy 
leaf; right, leaves from an inoculated plant 
showing mosaic and reduction in size. 
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Fig. 3.9a: Chenopodium quinoa L. : Left, a healthy leaf; 
right, inoculated leaves showing necrotic local 
lesions. 
Fig. 3.9b: C. quinoa L. : Inoculated leaves showing necrotic 
local lesions with increased diameter and promi-
nent vein-clearing. 
Fig. 4.0: Spinacia oleracea L. cv. Pusa Jyoti: Left, a 
healthy leaf; right, leaves from an inoculated 
plant showing vein-clearing and crinkling. 
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Fig. 4.1: Vigna sinensis Endl. ex Hassk. cv. Long Yard: 
An inoculated leaf showing chlorotic spots. 
Fig. 4.2: Abelmoschus esculentus (L.) Moench cv. Pusa 
Sawani: Left, a healthy leaf: right, an inocu-
lated leaf showing local chloratic spots. 
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Fig. 4.6: Rate zonal sucrose density gradient columns 
of brinjal necrotic mosaic virus (BNMV) after 
centrifugation. V = Virus. 
a) Tube showing the light scattering band 
(virus zone) of the dilution (a), partially 
purified BNMV suspension + phosphate buffer 
(1:1). 
b) Tube showing the light scattering band 
of the dilution (b), partially purified 
BNMV suspension + phosphate buffer (1:2). 
c) Tube showing the light scattering band 
of the dilution (c), partially purified 
BNMV suspension + phosphate buffer (1:3). 
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Fig. 4.8a: Electron micrograph of crude virus extract. 
Brinjal necrotic mosaic virus (BNMV) 
particles trapped on their homologous anti-
serum-coated grid. Bar = 500 nm. 
Fig. 4.8b: Electron micrograph of purified preparation 
of BNMV. Bar = 500 nm. 
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Fig. 5.0: Electron micrograph of an ultrathin section 
of a diseased brinjal leaf infected with 
brinjal necrotic mosaic virus (BNMV), showing 
the virus particles randomly scattered in 
cytoplasm of mesophyll cell. Bar = 250 nm. 
Fig. 5.1: Electron micrograph of an ultrathin section 
of a BNMV-infected leaf showing compact 
aggregation of virus particles in the phloem 
parenchyma cell. Bar = 500 nm. 
V = Virus particles 
A iSSf 
* • V 
* / 
i f 
F i g . 5 .0 
'^ ^,T* 
F i g - 5 . 1 
Fig. 5.3a-h: Determination of the serological relation-
ship between brinjal necrotic mosaic virus 
(BNMV) and antisera of different tobamo-
virus isolates in gel double-diffusion 
tests. 
A = BNMV antiserum 
B = TMV-Al antiserum 
C = TMV-D antiserum 
D = TMV-Pll antiserum 
E = TMV-P14 antiserum 
F = TMV-Ul antiserum 
G = TMV-WUl antiserum 
H = CGMMV antiserum 
I = ToMV- common strain antiserum 
HI = Sap from healthy brinjal plants 
In = Sap from BNMV - infected brinjal plants 
V = Purified preparation of BNMV 
Empty well (Fig. 5.3d) contains phosphate 
buffer (O.IM, pH 8.0) 
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Fig. 5.4a: Electron micrograph showing undecorated 
brinjal necrotic mosaic virus (BNMV) 
particles. Bar = 250 nm. 
Fig. 5.4b: Electron micrograph showing BNMV particles 
decorated with their homologous antiserum. 
Bar = 250 nm. 
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Fig. 5.4c: Electron micrograph showing BNMV particles 
decorated with TMV-D antiserum. 
Bar = 250 nm. 
Fig. 5.4d: Electron micrograph showing BNMV particles 
decorated with TMV-Ul antiserum. 
Bar = 250 nm. 
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Fig. 5.4e: Electron micrograph showing BNMV particles 
decorated with TMV-WUl antiserum. 
Bar = 250 nm. 
Fig. 5.4f: Electron micrograph showing BNMV particles 
decorated with TMV-Al antiserum. 
Bar = 250 nm. 
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Fig. 5.4g: Electron micrograph showing BNMV particles 
decorated (negligible decoration) with 
TMV-Pll antiserum. 
Bar = 250 nm. 
Fig. 5.4h: Electron micrograph showing BNMV particles 
trapped with TMV-P14 antiserum (negligible 
trapping but no decoration). 
Bar = 250 nm. 
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